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SOME PROBLEMS OF THE EFFECTS OF SPACE-FLIGHT FACTORS 
ON THE CENTRAL NERVOUS SYSTEM 

N .  N .  L i v s h i t s  

The present  r epor t ,  w r i t t e n  by s p e c i a l i s t s  of a space biology sec t ion  - /3* 
of the I n s t i t u t e  of Bio logica l  Physics,  USSR Academy of Sciences,  i s  a con- 
t i n u a t i o n  of an earlier publ ica t ion ,  "Effect of Ion iz ing  Radiations and Dynamic 
Factors  on Functions of the  Cent ra l  Nervous System" (Vliyaniye ioniziruyushchikh 
iz lucheniy i dinamicheskikh fak torov  na f u n k t s i i  t s e n t r a l ' n o y  nervnoy s i s temy) .  

This c o l l e c t i o n  of a r t i c l e s  r e f l e c t s  t h e  f u r t h e r  development of exper i -  
mental i nves t iga t ions  of t h e  e f f e c t  of v ib ra t ion ,  acce le ra t ions ,  and ion iz ing  
r ad ia t ions  on some func t ions  and metabolism of t he  c e n t r a l  nervous system (CNS) 
and ce reb ra l  hemodynamics. 

The problem of t h e  e f f e c t  o f  v ib ra t ion  on the  c e n t r a l  nervous system has 
been comprehensively s tudied  by many authors (Andreyeva-Galanina, 1956; 
Andreyeva-Galanina e t  a l . ,  1961; Drogichina e t  a l . ,  1961; M e 1  'kumova, 1960; 
Shp i l  'berg,  1964; Borshchevskiy e t  a l . ,  1963, and o t h e r s ) .  
r e l a t e d  t o  the  e f f e c t s  of t h i s  f a c t o r  can by no means be considered as com- 
p l e t e l y  resolved.  

However, problems 

I n  p a r t i c u l a r ,  f u r t h e r  s t u d i e s  o f  t he  quan t i t a t ive  pa t t e rns  and mechanisms 
of t he  r eac t ions  of t h e  nervous system t o  repeated exposure t o  v ib ra t ion  are  of 
g r e a t  importance i n  e luc ida t ing  the  poss ib le  adaptat ion of t he  organism t o  the 
e f f e c t s  of unusual i r r i t a n t s .  

These problems are considered i n  a r t i c l e s  by L. D.  Luk'yanova e t  a l . ,  and 
These authors inves t iga t ed  t h e  development of M.  A. Kuznetsova ( t h i s  r e p o r t ) .  

adapta t ion  t o  v e r t i c a l  v i b r a t i o n  with a frequency of 70 cps, amplitude of 0 .4  
mm, and dura t ion  of l'j min, and s tudied  t h e  course of recovery a f te r  te rmina t ion .  
S tudies  by L .  D.  Luk'yanova and o the r s  were based on an in t eg ra t ed  approach 
which included measurement of  metabolic processes ,  recording fast  and s low 
forms of b i o e l e c t r i c  a c t i v i t y  i n  d i f f e r e n t  p a r t s  of the b ra in ,  and inves t iga-  
t i o n  of conditioned r e f l e x e s .  This made it not  only poss ib le  t o  e luc ida te  the 
dynamics of t he  processes  inves t iga t ed ,  but  t o  a l s o  pos tu l a t e  t h e i r  poss ib le  
mechanisms. 

I n  ear l ie r  s t u d i e s  (Luk'yanova, 1964b) it w a s  discovered t h a t  v ibra-  /4 
t i o n s  caused two-phase changes i n  metabolic processes  of ce reb ra l  t i s s u e s .  
During v i b r a t i o n  the  rate of oxygen consumption increased while a t  t h e  end of 

*Numbers given i n  margin i n d i c a t e  pagina t ion  i n  o r i g i n a l  fo re ign  text .  
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exposure t o  or a f t e r  vibrat ion,  t h i s  r e a c t i o n  w a s  rep laced  by a depression of 
metabolic processes .  

Inves t iga t ions  publ ished i n  t h i s  c o l l e c t i o n  show t h a t  af ter  mult iple  ex- 
posure t o  v ib ra t ion  the re  was a lengthening of  t he  phase o f  metabolic s t i m u l a -  
t i o n  (Luk'yanova e t  al.). I n  rats subjec ted  t o  p r i o r  d e s t r u c t i o n  of t he  middle 
ear or o t o l i t h s ,  t h e  phase o f  metabolic depression w a s  no t  observed when it w a s  
c l e a r l y  manifested i n  i n t a c t  a n i m a l s  (L.D. Luk'yanova and S. M. Ambrosova). 
The authors  hjyothesized t h a t  t he  reason f o r  t hese  changes of  v ib ra t ion  e f f e c t s  
i s  l i m i t a t i o n  of  pe r iphe ra l  impulsation t o  the  h igher  p a r t s  of  t h e  b ra in .  I n  
t h e  f i rs t  case t h i s  l i m i t a t i o n  of  impulsat ion w a s  caused by a genera l  decrease 
i n  c o r t i c a l  e x c i t a b i l i t y ,  while i n  the second, by p a r t i a l  s u r g i c a l  des t ruc t ion  
of r ecep to r s .  This hypothesis  i s  confirmed by t h e  chronic  depression of bio-  
e l e c t r i c  a c t i v i t y  i n  t h e  c o r t e x  and s u b c o r t i c a l  formations of  rats exposed 
t o  v ib ra t ion .  

A t  t he  same t i m e ,  j o i n t  i nves t iga t ions  of  conditioned r e f l exes ,  b ioe lec-  
t r i c  a c t i v i t y  of  t h e  bra in ,  and metabolic processes  (L .  D .  Luk'yanova e t  a l . )  
arid observat ions of t h e  dynamics of changes i n  the c h a r a c t e r i s t i c s  o f  t h e  un- 
conditioned defensive r e f l e x  ( M .  A .  Kuznetsova), revealed an incompleteness of  
adapta t ion  and t h a t  it occurs  as a r e s u l t  of sharp func t iona l  changes i n  t h e  
CNS . 

The d i f f i c u l t y  and incompleteness of  adapta t ion  t o  the  e f f e c t s  o f  v ibra-  
t i o n  w a s  manifested c l e a r l y  i n  an i n v e s t i g a t i o n  of  t h e i r  e f f e c t  on t h e  uncon- 
d i t i oned  motor defense r e f l exes  of  guinea p i g s .  During the course of  t en fo ld  
exposure t o  v ib ra t ion  a successive change of  pa rab io t i c  Fhases i n  t h e  s p i n a l  
r e f l e x  a rc  took p lace  ind ica t ing  a t r a n s i t i o n  from a deeper t o  a less deep 
s t a t e  of i n h i b i t i o n .  However, complete normalizat ion o f  unconditioned r e f l e x  
a c t i v i t y  w a s  not  a t t a i n e d  ( M .  A. Kuznetsova). 

These observat ions show t h a t  exposure t o  v ibra t ion ,  even i n  s m a l l  doses, , 

far less than  those which can cause v ib ra t ion  s ickness ,  i s  a s t rong  CNS 
i r r i t a n t .  mese f indings  agree well with numerous re ferences  i n  t h e  l i terature 
( Andreyeva-Galanina, 1956, 1963; Andreyeva-Galanina, Drogichina e t  al., 1961; 
Borshchevskiy e t  a l . ,  1963, and o t h e r s )  and t h e  results of our  earlier s t u d i e s .  
M. A .  Kuznetsova (1964a) demonstrated t h a t  double exposure t o  v ib ra t ion  with 
the  c i t e d  parameters changes t h e  bas i c  c h a r a c t e r i s t i c s  o f  t h e  unconditioned /5 
motor defense r e f l e x  i n  t h e  guinea p i g  t o  an equal  degree as l e t h a l ,  whole- 
body gamma i r r a d i a t i o n .  Addit ional  information on the e f f e c t  of  v ib ra t ion  on 
the  CNS i s  given i n  a r t i c l e s  by M. A.  Kuznetsova, N .  N .  L i v s h i t s  and Y e .  S .  
Meyzerov. I n  these  s t u d i e s  it i s  confirmed t h a t  v ib ra t ions  w i t h  the indica ted  
parameters have an i n h i b i t o r y  e f f e c t  on h igher  and lower nervous a c t i v i t y .  

I n  an inves t iga t ion  of conditioned r e f l exes ,  t h i s  i s  manifested i n  t h e  
form of p ro tec t ive  i n h i b i t i o n  while i n  unconditioned ref lex a c t i v i t y ,  it i s  
charac te r ized  by p a r a b i o t i c  phases.  I n h i b i t i o n  of CNS func t ions  during vibra-  
t i o n  i s  c h a r a c t e r i s t i c  of  most animals, bu t  t he  i n t e n s i t y  o f  these  reac t ions  
and the  form theytakedepends  on ind iv idua l  c h a r a c t e r i s t i c s .  During v ib ra t ions  
t h e  l a t e n t  per iods of  s p i n a l  r e f l exes  increased i n  some animals without d i s -  
rup t ion  of  force  r a t i o s ,  while i n  o t h e r s  t h e r e  occurred equi l ibr ium o r  para-  
doxical  phases or an intermediate  s t imulus phase. i 
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The i n h i b i t i o n  of conditioned r e f l e x  a c t i v i t y  i n  some rats during v ibra-  
t i o n s  took t h e  form of  a temporary t o t a l  disappearance of conditioned r e f l exes ,  
while i n  o the r s  t hese  r e f l e x e s  merely dec l ined  i n  s t r eng th .  

Dtsrupt ions o f . p r o p e r  fo rce  r a t i o s  i n  some cases  took  the form of a l o w  
l e v e l  adjustment phase, while i n  o the r s ,  a t o t a l  u l t r apa radox ica l  phase. 

A t  t h e  s a m e  t i m e ,  i n  an animal i n  a s ta te  of p ro tec t ive  i n h i b i t i o n ,  t he  
e f f e c t  o f  v i b r a t i o n  caused d i s i n h i b i t i o n  of  conditioned r e f l e x e s .  The results 
of our experiments confirm t h e  opinion of many authors  who be l i eve  t h a t  v ibra-  
t i o n s  a c t  on higher nervous a c t i v i t y  i n  the  form of an unconditioned i n h i b i t i o n  
(Gurovskiy, 1959, and o t h e r s ) .  
e f f e c t  of noise ,  the  c l a s s i c a l  agent causing unconditioned i n h i b i t i o n ,  wi th  t h a t  
of v ibra t ion-noise  i r r i t a n t  shows an appreciable  d i f fe rence  between t h e  effects 
of t hese  f a c t o r s .  The e f f e c t  of v i b r a t i o n  i s  considerably s t ronger ,  has a 
more genera l ized  charac te r ,  and a t t enua te s  more slowly. 

However, a t  t h e  same t i m e  comparison of t he  

A c h a r a c t e r i s t i c  feature of v i b r a t i o n  e f f e c t s  i s  t h e  dura t ion  of t he  
af tere  f f e e t  per iod . 

In ea r l i e r  s t u d i e s  (Apanasenko, ~964a ;  Kuznetsova, 1964a) it w a s  demon- 
s t r a t e d  t h a t  after twofold v i b r a t i o n  with t h e  above-mentioned parameters, 
changes of t he  motor defense and ves t ibu la r - ton ic  r e f l e x e s  w e r e  maintained f o r  
more than  10-15 days.  

Prolonged pos tv ib ra t ion  changes i n  t h e  b i o e l e c t r i c  a c t i v i t y  of d i f f e r e n t  
p a r t s  of t he  b r a i n  and condi t ioned and unconditioned r e f l e x e s  after s i n g l e  and 
mul t ip le  exposures t o  v i b r a t i o n  were demonstrated i n  t h e  ar t ic les  by Luk'yanova 
e t  a l . ,  M .  A .  Kuznetsova and N .  N .  L i v s h i t s  and Y e .  S.  Meyzerov. Inves t iga-  L6 
t i o n s  of the  func t ions  of d i f f e r e n t  p a r t s  of t h e  CNS using d i f f e r e n t  methods 
give r e s u l t s  which are i n  complete agreement, i nd ica t ing  t h e i r  genera l  charac te r .  

The a r t i c l e  by Z .  I. Apanasenko very c l e a r l y  descr ibes  t h e  c h a r a c t e r i s t i c s  
of t h e  e f f e c t  of  v i b r a t i o n  and acce le ra t ion .  She compared t h e  e f f e c t  of t h ree  
f a c t o r s  on r e s t i n g  b i o e l e c t r i c  a c t i v i t y  of t he  extensor  muscles of an  ex t remi ty  
and on t h e  ves t ibu la r - ton ic  r e f l e x e s  i n  guinea p igs .  These included space- 
f l i g h t ,  twofold (one day i n t e r v a l )  l3-min cen t r i fuga t ion  with an acce le ra t ion  
of 8 g i n  a "back-chest" d i r e c t i o n ,  and double exposure t o  v i b r a t i o n  with t h e  
same dura t ion .  The author  w a s  t hus  ab le  t o  determine t h e  c h a r a c t e r i s t i c s  of 
t he  e f f e c t  of combined f a c t o r s  as well as t h e  r o l e  of  each component i n  space- 
f l i g h t  e f f e c t s .  It w a s  found t h a t  acce le ra t ions  cause s u b s t a n t i a l  but  b r i e f  
changes i n  t h e  func t ions  inves t iga t ed ;  t h e  changes caused by v ib ra t ion  are 
more moderate, but  a t  the  same t i m e ,  more p e r s i s t e n t .  All enumerated exper i -  
mental results ind ica t e  t h a t  among t h e  complex of dynamic f a c t o r s  which occur 
during a c t i v e  phases of a space f l i g h t ,  l i f t - o f f  v ib ra t ions  are of consider- 
ab le  s ign i f icance  and must be considered.  

' 

Dynamic f a c t o r s  not  only a f f e c t  CNS func t ions ,  bu t  a l s o  a f f e c t  i t s  re- 
ac t ions  t o  i r r a d i a t i o n .  

The a r t i c l e s  devoted t o  t h e  combined e f f e c t  o f  v i b r a t i o n  and i r r a d i a t i o n  
on t h e  func t ions  of t h e  v e s t i b u l a r  apparatus  ( Z .  I. Apanasenko) and conditioned 
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reflex activity (N. N. Livshits and Ye. S. Meyzerov) are a continuation of re- 
ports published in the preceding collection of articles. 
strated that preliminary or preliminary and subsequent exposure to vibration 
can appreciably change the effect of lethal, whole-body irradiation on some 
CNS functions. Different types of reactions were discovered in these investi- 
gations. Vibration prior to whole-body gama irradiation exerted a protective 
effect on oxidation processes in cerebral tissues. Despite the fact that ir- 
radiation and the effect of vibration caused depression of oxidation processes, 
there was no summation of their effects when both factors were simultaneous, 
and in some cases the effect. of combined exposure to both was less than the 
effect of irradiation alone (Luk'yanova, 1964~). The results of the experi- 
ments of L. D. Luk'yanova agree with the data of M. A. Arsen'yeva (cited in 
Frank et al., 1965) and Yu S. Demin (1964), indicating that disruptions of 
mitotic activity in cell nuclei of the hematopoietic system during combined 
exposure to these factors, also are not cumulative and that vibration some- 
times exerts an obvious protective effect. 

It was earlier demon- 

However, the combined effect of vibration and irradiation on the func- 
tions of the CNS is more complex. In an investigation of the combined effect 
of vibration and lethal gamma irradiation on unconditioned defense reflexes, 
the bioelectric activity of the muscles during relative rest and vestibular- 
tonic reflexes to adequate stimulation of the otolithic part of the vestibular 
apparatus, various changes in radiation reactions characterized by a dominance 
of one factor or by their combined effects were found (Apanasenko, 1964b; 
Kuznetsova, 196bb). 

In a study by N. N. Livshits and Ye. S. Meyzerov, published in this col- 
lection, it was demonstrated that under the influence of vibration and subse- 
quent whole-body irradiation in a dose of 50 r conditioned reflex changes in 
the course of the first week duplicated the vibration effect in all its de- 
tails. In the second week, there was a not entirely clear trend toward summa- 
tion and combination of the effects of both factors. 

The dominance of the vibration effect in the initial period after irradia- 
tion was noted earlier in an investigation of the combined effect of vibra- 
tion and acute irradiation in a dose of 500-600 r on the intensity of oxidation 
processes in cerebral tissues (Luk' yanova, 1964~) and on the functional state 
of the vestibular apparatus (Apanasenko, 1964b). Similar effects are described 
by Z. I. Apanasenko for a combination of the effect of vibration and prolonged 

, 

'A irradiation (p. 217). 

We can now state that such a reaction to a combined effect is charac- 
teristic of both higher and lower parts of the CNS. It applies for a combina- 
tion of vibration and irradiations in different doses and with different rates 
of application of these factors. At the same time, it should be remembered 
that this form of reaction is not the only possible one. Following combined 
exposure to vibration and Irradiations, changes in the unconditioned defense 
reflexes of some groups of animals were dominated during the entire period 
m€ observation by vibration effects, whereas in other groups the effects of 
irradiation were dominant ( Kuznetsova, 1964b) . 
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The combination of  t h e  e f f e c t  of  both f a c t o r s  w a s  also observed ear l ie r  i n  
t h e  second phase o f  t h e  r e a c t i o n  of the lower p a r t s  of  the CNS t o  combined 
f a c t o r s .  These e f f e c t s  are extremely complex, and do no t  f i t  t he  scheme which 
ass igns  a p ro tec t ive  role t o  t h e  dynamic f a c t o r  (Apanasenko and Kuznetsova, 
1.964: Apanasenko, 1964b; Kuznetsova, 1964b). 

The combined e f f e c t  changed the  background b i o e l e c t r i c  a c t i v i t y  of  the 
muscles i n  the  same way as v ibra t ion ,  and t h e  dynamics of  these  changes co r re -  

mutual i n t e n s i f i c a t i o n  of t h e  e f f e c t s  of  both f a c t o r s  i n  those per iods  when 
they  were weak and mutual a t t enua t ion  when they  w e r e  s t rong,  we pos tu la ted  t h e  
p a r t i c i p a t i o n  of  t he  mechanisms of  pa rab ios i s  and dominants i n  these  phenomena 
(L ivsh i t s ,  1964). However, th i s  explanat ion i s  not  appl icable  t o  the results 
of  t he  experiments of  N. N. L i v s h i t s  and Y e .  S. Meyzerov. Beginning with t h e  
second exposure, t h e r e  w a s  t o t a l  summation of t he  e f f e c t s  of  r a d i a t i o n  and dy- 
namic f ac to r s ,  r ega rd le s s  of  t h e i r  i n t e n s i t y .  This  compels us t o  assume the  
presence of mechanisms which i n t e n s i f y  the  r a d i a t i o n  r eac t ion  o f  t he  higher  
p a r t s  of the  CNS upon repeated exposure t o  v i b r a t i o n  with subsequent i r r a d i a t i o n ,  
and which mask the  poss ib l e  p ro tec t ive  e f f e c t  o f  depression of  ox ida t ion  
processes .  

sponded t o  those i r r a d i a t e d  animals. Since i n  some cases  t h e r e  w a s  a /8 

Besides the  combined e f f e c t  of  ion iz ing  r ad ia t ions  and dynamic f ac to r s ,  i n  
developing the  problem o f  r a d i a t i o n  s a f e t y  i n  space f l i g h t  it i s  o f  i n t e r e s t  t o  
consider  t he  problem of  the  dependence of  r a d i a t i o n  r eac t ions  on the CNS on the 
f a c t o r s  of  t i m e  and t h e  type of  r a d i a t i o n .  

The CNS, as pointed ou t  i n  our  ea r l i e r  s t u d i e s  (Apanasenko, 1961;Kuznets- 
ova, 1961; Livshits e t  al., 1962), r e a c t s  Go a change of the dose i n t e n s i t y  i n  
a unique fash ion  and differs  i n  t h i s  respec t  from many o the r  organs and systems 
of  t h e  animal body. 

I n  most cases  a decrease i n  t h e  rate of  exposure during i r r a d i a t i o n  i n  
sub le tha l  and minimum l e t h a l  doses does not modify the e f f e c t  of  r a d i a t i o n  on 
t h e  funct ions of t h e  CNS. S l i g h t l y  increased e f f ec t iveness  of  chronic i r r a d i a -  
t i o n  compared t o  acute  i r r a d i a t i o n  i n  equal  doses w a s  no t  s t a t i s t i c a l l y  re l iable  
based on ea r l i e r  d a t a .  However, add i t iona l  experiments revealed t h a t  a one- 
month exposure t o  whole-body gamma i r r a d i a t i o n  (160 r )  d i s rup t s  conditioned re- 
f l e x  a c t i v i t y  i n  rats more dramat ica l ly  than  the same i r r a d i a t i o n  of only two 
minutes dura t ion .  The s l i g h t  d i f f e rences  i n  b a s i c  i nd ices  of  the higher  nervous 
a c t i v i t y  between groups subjec ted  t o  chronic and b r i e f  i r r a d i a t i o n  were statis-  
t i c a l l y  reliable ( Y e .  S . Meyzerov, t h i s  r e p o r t ) .  

The important r o l e  of t h e  func t iona l  s ta te  of t h e  v e s t i b u l a r  analyzer  
i n  t h e  sense o f  well-being and work capac i ty  of  a cosmonaut served as t h e  basis 
for s p e c i a l  i nves t iga t ions  of  t h e  dependence of t h e  r eac t ions  o f  t h i s  system t o  
i r r a d i a t i o n  on the  dose i n t e n s i t y .  Here, a comparison w a s  made of the e f f e c t  
of  whole-body i r r a d i a t i o n  (600 r )  with exposure du ra t ions  of 1 4  h r  and about 
2 min. No modif icat ion of  r a d i a t i o n  r eac t ion  as a func t ion  o f  9 decrease i n  
dose i n t e n s i t y  w a s  observed i n  t h i s  case.  On the  basis o f  several indices ,  
q u a l i t a t i v e  d i f f e rences  charac te r ized  by a d i f f e r e n t  t r end  or d i f f e r e n t  dynamics 
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of changes were noted. For example, the  b i o e l e c t r i c  a c t i v i t y  of  muscles /9 
upon adequate s t imu la t ion  of  t h e  o t o l i t h i c  p a r t  of  t he  ves t ibu la r  apparatus  de- 
creased during chronic i r r a d i a t i o n ,  whereas during a brief exposure it in -  
creased. The s c a t t e r  o f  d a t a  w a s  considerably less f o r  animals exposed t o  
chronic i r r a d i a t i o n .  

The dura t ion  o f  a f t e r e f f e c t s  decreased during exposure t o  both forms of 
i r r a d i a t i o n ,  b u t  t h e  effect  of  chronic i r r a d i a t i o n  w a s  s t ronger .  

During combined exposure t o  v ib ra t ion  and chronic i r r a d i a t i o n ,  t h e  e f f e c t  
of r a d i a t i o n  w a s  found t o  be s t ronger  than a combination o f  v ib ra t ion  and acute  
i r r a d i a t i o n .  I n  t h e  former case t h e  "contr ibut ion" o f  r a d i a t i o n  t o  the  t o t a l  
e f f e c t  w a s  g r e a t e r  ( Z .  I. Apanasenko, i n  t h i s  r e p o r t ) .  

Contrary t o  r eac t ions  of t h e  nervous system, changes i n  t h e  c e l l u l a r  com- 
pos i t i on  o f  t he  pe r iphe ra l  blood w e r e  g r e a t e r  during acute  i r r a d i a t i o n ,  i n  t h e  
s tud ies  of Y e .  S .  Meyzerov and Z .  I. Apanasenko which agree with t h e  l i t e r a t u r e .  
Z .  I. Apanasenko a l s o  noted an obvious decrease i n  mor t a l i t y  during chronic 
i r r a d i a t i o n .  

I n  analyzing t h e  mechanism o f  t h e  e f f e c t  of  i r r a d i a t i o n  on CNS funct ions,  
it i s  of g r e a t  importance t o  c l a r i f y  the  e f f e c t  of  t h i s  f a c t o r  on ce reb ra l  
c i r c u l a t i o n .  

According t o  Lyubimova-Gerasimova, 1962, t h i s  system i s  r e l a t i v e l y  rad io-  
r e s i s t a n t ;  consequently, V. Y a .  Klimovitskiy ( t h i s  r e p o r t )  s tudied whole-body 
and l o c a l  i r r a d i a t i o n s  i n  doses o f  1000 and 2000 r, re spec t ive ly .  Even i n  the  
f irst  hours af ter  exposure, ce reb ra l  venous c i r c u l a t i o n  had c l e a r l y  decreased. 
However, desp i t e  t h e  f a c t  t h a t  such in tense  doses were used, d i f f e rences  between 
experimental and con t ro l  r a b b i t s  were not  cons i s t en t ly  r e l i a b l e  and the  s i g n i f i -  
cance l e v e l  d id  not  exceed 5 percent ,  which ind ica t e s  t h a t  ce reb ra l  c i r c u l a t i o n  
i s  r e l a t i v e l y  r a d i o r e s i s t a n t .  It can the re fo re  be assumed t h a t  s u b t l e  func t iona l  
changes i n  t h e  CNS during i r r a d i a t i o n  i n  s m a l l  doses we not  of vascular  o r i g i n .  

Three a r t i c l e s  by A. P .  Korolevskiy are devoted t o  the  p e c u l i a r i t i e s  o f  t h e  
e f f e c t  of  d i f f e r e n t  kinds of  r a d i a t i o n  on the  higher  nervous a c t i v i t y .  P re sen t ly  
t h i s  subjec t  has  not  y e t  been t r e a t e d  i n  %he l i terature desp i t e  i t s  obvious 
importance. A comparison of t he  e f f e c t s  o f  whole-body i r r a d i a t i o n  

neutrons, 510MeV protons and Co60 gamma r a d i a t i o n  i n  l e t h a l  and sub le tha l  doses 
on dr inking conditioned r e f l exes  of mice and rats revealed a pa ra l l e l i sm between 
the  dependence of h igher  CNS r a d i a t i o n  r eac t ions  on much s tud ied  hematopoietic 
reac t ions  re la t ive  t o  the  type of r a d i a t i o n .  
i s  less  than  one while f o r  fast  neutrons it i s  g r e a t e r  than  one where t h e  
CNS and blood o f  s m a l l  a n i m a l s  are concerned. 
t i v e  c h a r a c t e r i s t i c s  of  t he  e f f e c t  05 t hese  types of  r a d i a t i o n  on the  condi- 
t ioned reflexes. I n  the  case of  exposure t o  protons a d i s rup t ion  of  t h e  
i n h i b i t i o n  process i s  more c h a r a c t e r i s t i c ,  whereas i n  a n i m a l s  i r r a d i a t e d  by 
neutrons, modif icat ion of e x c i t a t i o n  is  most ev ident .  

with 1 M e V  

The RBE of  5 l O M e V  protons /10 
The author  descr ibes  t h e  q u a l i t a -  

I n  a l l  p r o b a b i l i t y  t h i s  
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d i f f e rence  i s  r e l a t e d  t o  the  lesser RBE of  protons.  I n  animals i r r a d i a t e d  by 
neutrons i n  doses used by the  author,  p ro t ec t ive  i n h i b i t i o n  w a s  extremely evi- 
dent .  However, it w a s  coupled w i t h  i n t e r n a l  i nh ib i t i on ,  which masked the  
poss ib le  a t t enua t ion  of  t h e  l a t t e r .  To a lesser degree t h i s  w a s  a l s o  t r u e  of  
animals exposed t o  gamma i r r a d i a t i o n .  A d e t a i l e d  ana lys i s  of t he  mechanism of  
t h i s  phenomenon i n  i r r a d i a t e d  animals w a s  f i rs t  o f fe red  by A.  V. Lebedinskiy 
and Z .  N .  Nakhil ' n i t skaya  (1960). 

Neutrons do not  p lay  a s i g n i f i c a n t  r o l e  i n  t h e  b io log ica l  effect  of  space 
r ad ia t ion ,  bu t  i nves t iga t ions  of  t he  c h a r a c t e r i s t i c s  o f  t h e i r  e f f e c t  on t h e  
an imal ' s  body are o f  d e f i n i t e  i n t e r e s t .  To c l a r i f y  the  genera l  problem of the  
dependence of  CNS r eac t ions  on the  type o f  r ad ia t ion ,  it would be des i r ab le  t o  
compare th ree  ( r a t h e r  than two) types of i r r a d i a t i o n s  as a func t ion  of variable 
l i n e a r  i on iza t ion  dens i ty .  

These s tud ie s  have considered some of the  poss ib l e  c h a r a c t e r i s t i c s  of t h e  
e f f e c t  of ion iz ing  r a d i a t i o n s  under space- f l igh t  condi t ions : d i f f e r e n t  dose 
rates, change i n  r a d i a t i o n  spectrum, combined e f f e c t s  o f  r a d i a t i o n  and dynamic 
f a c t o r s .  These f a c t o r s  all e x e r t  a s u b s t a n t i a l  e f fec t  on CNS func t ions .  I n  
addi t ion ,  dynamic f a c t o r s  c l e a r l y  a l ter  t h e  metabolism and funct ions of the  
CNS. The d a t a  presented here ind ica t e  t h e  d e s i r a b i l i t y  of  continuing research 
i n  t h i s  d i r e c t i o n .  

These problems are also germane t o  terrestrial occupational hygiene. 
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EFFECT OF RADIAL ACCELERATIONS ON THE BRAIN TEMPERATURE 
OF ANIMALS 

V. Y a .  Klimovitskiy 

ABSTRACT 

Temperature under t h e  dura mater w a s  recorded i n  one 
dog and s i x  rabbits exposed t o  r a d i a l  acce le ra t ions  on a 
cen t r i fuge .  

wi th in  3.0-10-3 degrees .  

The animals were exposed t o  repeated d a i l y  acce le ra t ions  of 
10 g f o r  30 sec  wi th  30-min i n t e r v a l s .  

I n  r abb i t s ,  l ong i tud ina l  a c c e l e r a t i o n s  caused an acute  
decrease i n  temperature wi th  an immediate r e t u r n  t o  normal 
a f te r  s topping.  I n  t h e  dog t h e  analogous temperature peak 
w a s  d i r e c t e d  upward. A f t e r  repeated exposures t h e  degree 
of t he  r e a c t i o n  f i rs t  increased and then  decreased. This 
phenomenon can be i n t e r p r e t e d  as i n i t i a l  adapta t ion .  

During t ransverse  acce le ra t ions  t h e r e  w a s  a tempera- 
t u r e  increase  of s m a l l  v a r i a b i l i t y  i n  t h e  dog and r a b b i t .  

I n  most cases,  a f te r  the  end of r o t a t i o n  the re  w a s  a 
slow decrease of temperature with a r e t u r n  t o  normal a f te r  
15-20 min. 

The observed temperature changes are compared with 
those induced by an increase  of inhaled carbon dioxide.  
The r e s u l t s  also are compared with d a t a  on ce reb ra l  c i r cu -  
l a t i o n  under t h e  same condi t ions.  

Temperatures w e r e  measured with thermis tors  t o  

Longitudinal and t r ansve r se  d i r e c t i o n s  were s tudied .  

Recently researchers  have been inves t iga t ing  the  hea t  production of - /11 
the  b r a i n  as one of  t he  i n t e g r a l  c h a r a c t e r i s t i c s  of i t s  func t iona l  s ta te .  

Despite t he  s i m p l i c i t y  of  determining t h i s  parameter through modern 
methods and i t s  obvious s c i e n t i f i c  and p r a c t i c a l  i m p o r t i c e ,  t he re  s t i l l  remain 
many gaps i n  t h i s  area of s tudy.  

I n  considering b r a i n  temperature as an "index of i t s  func t iona l  s ta te"  
(Berezovskiy, 1963), it i s  usua l ly  assumed t h a t  t he  s p e c i f i c  a c t i v i t y  of neurons 
has a corresponding thermal expression, e.g., t h e  e x c i t a t i o n  process i s  ac- 
companied by an increase  of hea t  production. 
t h i s  hypothesis i s  complicated by the  f a c t  t h a t  t h e  a c t i v e  s ta te  of a p a r t  of 

The experimental  v e r i f i c a t i o n  of 
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t he  bra in ,  apparent ly  even an ind iv idua l  neuron, i s  assoc ia ted  wi th  increased 
c i r c u l a t i o n  (Klosovskiy, 1951). 

There i s  no uniformity of  opinion relative t o  f a c t o r s  most responsible  
f o r  determining changes i n  l o c a l  b r a i n  temperatures.  There are two opposi te  
po in ts  of view on t h i s  subjec t ;  one holds  t h a t  t h e  l o c a l  temperature of t he  
b r a i n  i s  pr imar i ly  dependent on the level  o f  func t iona l  a c t i v i t y ,  t he  second 
holds t h a t  t he  temperature index i s  b a s i c a l l y  a func t ion  o f  c i r c u l a t i o n .  These 
two approaches d iv ide  researchers  i n  t h i s  f i e l d  i n t o  two camps (Berezovskiy, 
1963) * 

Such disagreements can poss ib ly  be a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  s i m -  
p l i c i t y  of temperature measurements, even when using modern miniatur ized sen- 
sors ( thermis tors ,  thermocouples), i s  only  apparent.  The p r e c i s e  measurement 
of  l o c a l  temperatures i n  the  l i v i n g  body i s  qu i t e  complex and demands very 
c l e a r l y  def ined methodology. For example, it can be shown tha t  temperature 

measurement i n  a major a r t e r y  t o  an accuracy of  degree by use o f  a thermo- 

hea t  t r a n s f e r  along the  leads of the thermocouple s i t u a t e d  outs ide  t h e  a r t e r y  
makes it impossible t o  ob ta in  a p rec i se  measurement of  t h e  temperature of  the  
blood i t s e l f .  In a c t u a l i t y ,  i n  t he  l a t t e r  case w e  w i l l  measure t h e  temperature 
of the  adjoining t i s s u e ,  and i f  t h i s  thermocouple i s  s i t u a t e d  wi th in  a s leeve 
covering t h e  vessel, it i s  the  temperature of  t he  l a t t e r  which w i l l  be 
recorded. 

couple requi res  t h e  in t roduct ion  of  the  junc t ion  i n t o  t h e  vessel. The /12 

The r e l a t i o n s h i p  between t h e  temperatures of t h e  blood and t h e  b r a i n  has 
been e s t ab l i shed  by d i f f e r e n t  methods using d i f f e r e n t  subjec ts .  
ing  with thermistors ,  Ludwigs demonstrated t h a t  i n  dogs t h e  surface s t r u c t u r e s  
of t h e  b r a i n  a r e  heated by t h e  inflowing blood and t h e  deep s t r u c t u r e s  a r e  cooled. 
Berezovskiy ( 1962,1963), i n  measuring t h e  temperature of t h e  cor tex  wi th  thermistors  
and the  temperature of t h e  blood by thermocouples outs ide  t h e  vessel, found t h a t  
i n  dogs t h e  temperature of t h e  a r t e r i a l  blood i s  below t h e  temperature of t h e  s u r -  
face of t h e  hemispheres. Y u .  N. Orestenko (1962) e s t ab l i shed  t h a t  in r a b b i t s  t'he 
b r a i n  temperature i s  considerably lower than  t h e  temperature of  t h e  a r te r ia l  blood. 

I n  1954, work- 

The v a r i e t y  of  f a c t s  obtained by Berezovskiy i n  t h e  experiment on dogs 
makes it poss ib le  t o  d i s t ingu i sh  between func t iona l  beat product ion o f  the  
b ra in  and t h e  genera l  c o r t i c a l  temperature r eac t ion  Dbserved i n  animals during 
e x c i t a t i o n .  The author  observed a temperature increase  i n  dogs i n  t h e  motor 
region of t he  cortex,  func t iona l ly  r e l a t e d  t o  the  f r o n t  extremity during pas- 
sive bending of  t h e  paw or i r r i t a t i o n  of  t h e  extremity with an induct ion cur- 
r e n t .  A temperature r ise i s  a l s o  observed at t h e  t i m e  of  food or motor exc i t a -  
t i o n .  Usually, such a r ise  w a s  preceded by a brief temperature decrease.  The 
author  a t t r i b u t e s  t h e  la t ter  t o  the  i n i t i a l  i n t e n s i f i c a t i o n  of  c i r c u l a t i o n  i n  
the  inves t iga ted  reg ion  and, according t o  h i s  da ta ,  cool ing o f  t h i s  region by 
t h e  blood. 

I n  our  experiments we undertook the  problem of i n v e s t i g a t i n g  t h e  dynamics 
of  changes i n  t h e  b r a i n  temperature of animals mul t ip ly  exposed t o  r a d i a l  
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acce lera t ions  i n  a "pelvis  - head" and ches t  - back" d i r e c t i o n .  E a r l i e r  we ob- 
t a ined  d a t a  on the  s ta te  of  t h e  ce reb ra l  venous blood flow i n  rabbits under 
these  condi t ions (KLimovitskiy, 1964b). A s  w i l l  be demonstrated below, compar- 
ison o f  these  d a t a  with cerebral thermograms s t i l l  does not  m a k e  it poss ib l e  t o  
i s o l a t e  hea t  production of  t he  b r a i n  from hea t  t r a n s f e r  by the  blood. 
r e p o r t  we will t he re fo re  l i m i t  ourse lves  t o  t h e  phenomenology of t h i s  process  
and some hypotheses . 

I n  t h i s  

The experiment w a s  conducted using s i x  rabbits and one dog. The sensors,  
containing MT-54 thermis tors ,  were placed i n  a trepanned opening 8 mm i n  dim- 
e te r .  Sol id  meninx w a s  removed along t h e  per imeter  o f  the  opening. The therm- 
i s t o r s  
p a r i e t a l  regions.  I n  some cases temperature w a s  measured d i r e c t l y  adjacent  t o  
the  long i tud ina l  venous s inus .  

were i n s e r t e d  i n t o  t h e  b r a i n  t o  a depth of  0.5 mm i n  t h e  f r o n t a l  and 

The thermis tors  operated i n  the  arm of  a dc br idge whose unbalance s igna l  
was fed t o  a de ampl i f i e r .  /13 
The reading of  temperatures on t h e  tape  of  t he  automatic recorder  w a s  done with 

an accuracy t o  3.0-10-3 degree. 
thermostat .  The sca l e  i n  ohms w a s  e s t ab l i shed  on t h e  tape  of t he  automatic 
recorder  a t  t h e  beginning and end of  the  experiment. 

An N-373-2 instrument w a s  used f o r  recording.  

The thermis tors  were c a l i b r a t e d  i n  an ultra- 

The animals w e r e  exposed t o  experimental  condi t ions th ree  t o  f i v e  days 
af ter  the  opera t ion  and w e r e  observed f o r  up t o  a month. A month a f te r  the  
operation, t he  sensor  w a s  removed from the  dog and replaced, a f t e r  which the  
experiment w a s  continued f o r  another  month. 

An acute experiment w a s  c a r r i e d  ou t  on one rabbit. I n  add i t ion  t o  the  
temperature sensor  a cannula with a thermis tor  w a s  placed i n  the  comon ca ro t id .  
In  t h i s  case t h e  opera t ing  p a r t  of  t he  thermis tor  w a s  s i t u a t e d  a t  the  entrance 
of the  cannula, extending 0.5 mm i n t o  the  blood flow. The opera t ion  w a s  car-  
r i e d  out  under l o c a l  anes thes ia  (hepa r in ) .  

Animals w e r e  exposed t o  r a d i a l  acce le ra t ions  on a cent r i fuge .  During 
longi tudina l  acce lera t ions  ( "pe lv i s  - head") a f i e l d  of about 5 g w a s  a t t a i n e d  
i n  t h e  region of  t h e  head and 10 g i n  t h e  region of  t h e  p e l v i s .  During "chest - 
back" acce lera t ions  t h e  animals were exposed t o  10 g on a t i l t i n g  t ransverse  
platform where t h e  angular  acce le ra t ion  w a s  d i r e c t e d  i n  the  "pelvis  - head" d i -  
r ec t ion .  I n  both cases  t h e  opera t ing  t i m e  of  t h e  motor w a s  30 sec,  which 
a r b i t r a r i l y  is  assumed t o  be lower during the  exposure t i m e ,  al though i n  actu-  
a l i t y  these  30 seconds a l s o  include the  per iod  of  acce le ra t ion  o f  t he  cent r i fuge  
( 5  s e c )  while braking t i m e  (15 s e c )  i s  excluded. 

The designat ions used i n  t h i s  study f o r  t h e  r a d i a l  acce le ra t ions  ("pe lv is  - 
head" and "chest  - back") are not  genera l ly  accepted i n  the  b io log ica l  l i t e ra -  
ture, but they  r e f l e c t  t he  phys ica l  and not  t h e  apparent d i r e c t i o n  of  t h e  

("head - pe lv i s " ) ,  used i n  the  Soviet  l i terature,  i s  erroneous.  The long i tud ina l  
acce lera t ions ,  which are c e n t r i p e t a l .  I n  many cases  t h e  opposi te  designat ion #! 
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acce le ra t ions  used i n  our experiment a l s o  can be c a l l e d  "pos i t ive"  ( a  term used 
more f r equen t ly  i n  t h e  fo re ign  l i t e r a t u r e ) .  
acce l e ra t ions  the  animals w e r e  p laced along t h e  r ad ius  wi th  t h e  head toward the  
cen te r  of  r o t a t i o n ,  and on t h e  t r ansve r se  r o t a t i n g  platform--with t h e  head i n  
the  d i r e c t i o n  of r o t a t i o n .  

I n  a c t u a l i t y ,  during long i tud ina l  

A t  t he  t i m e  o f  t h e  experiment t he  animals w e r e  covered with a p l a s t i c  
hood t o  prevent  exposure t o  a i r  cu r ren t s  during r o t a t i o n .  A i r  w a s  fed  under 
the  hood f o r  brea th ing  purposes from t h e  gas  c o l l e c t o r  of  t h e  cen t r i fuge  and a 
s c a t t e r i n g  g r i d .  

The animals w e r e  a t t ached  t o  t h e  p la t form by means of very t i g h t l y  
secured cove ra l l s .  The head o f  t he  a n i m a l  w a s  he ld  motionless during experi-  
ments with l o n g i t u d i n a l  acce le ra t ions .  
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EXPERIMENTAL RESULTS 

I n  t h e  f i rs t  approximation, f l u c t u a t i o n s  i n  t h e  temperature p r o f i l e  of t h e  
r a b b i t  and dog are s i m i l a r  and can be c l a s s i f i e d  i n t o  two groups according t o  
frequency and amplitude. Within the  l i m i t s  of  hundredths of a degree the  f l u c -  
t ua t ions  had a per iod  of about t ens  of seconds (type I ) .  The amplitudes of t he  
slow temperature waves with a per iod of s eve ra l  minutes, sometimes t ens  of 
minutes, were t e n t h s  of a degree ( t y T e  11). Berezovskiy g ives  a s i m i l a r  c l a s -  
s i f i c a t i o n .  W e  note t h a t  r ap id  f l u c t u a t i o n s  sometimes w e r e  absent,  and the  
thermogram wi th in  the  l i m i t s  of r e s o l u t i o n  of  our  instruments appeared com- 
p l e t e l y  smooth. I n  t h i s  case t h e r e  w e r e  only slow temperature waves--in the  
same animal type I f l u c t u a t i o n s  appeared and disappeared spontaneously on d i f -  
f e r e n t  days of t he  experiment. The prel iminary r e a c t i o n  t o  an i n d i f f e r e n t  ir- 
r i t a n t  i n  t h e  dog w a s  accompanied by a temperature increase  of  s eve ra l  hundredths 
of a degree; i n  the  r a b b i t  it developed as a result of s t rong  irritants. 

An increase  i n  carbon dioxide content  i n  the  inhaled a i r  (5-7 pe rcen t )  f o r  
both the  dog and rabbits caused a r ap id  r i se  o f  temperature by 0.1-0.2O. 
t h e  r a b b i t  t h i s  w a s  followed by a rap id ,  smooth decrease t o  below t h e  i n i t i a l  
l e v e l  by almost a degree.  
of t h e  dec l ine .  
of t h e  temperature t o  t h e  i n i t i a l  l eve l .  
aga ins t  t h i s  background. 

I n  

Type I f l u c t u a t i o n s  w e r e  no t  considered i n  t h i s  p a r t  
I n  the  dog, t he  maximum increase  w a s  followed by a slow r e t u r n  

Type I f l u c t u a t i o n s  w e r e  p e r s i s t e n t  

Longi tudinal  Accelerat ions.  Thermogram 
During Accelerat ion 

During acce le ra t ions  i n  t h e  "pelvis  - head" d i r e c t i o n  the  temperature a t  
a l l  po in t s  i nves t iga t ed  dropped s t eep ly  i n  t h e  case o f  t h e  r a b b i t .  A f t e r  
shu t t ing  o f f  t h e  motor and dur ing  gradual  dece lera t ion ,  t h e r e  w a s  occas iona l ly  
a s m a l l  peak apparent aga ins t  a background o f  cont inuing decrease; t h e  decrease 
then  continued u n t i l  complete stoppage of  t he  cen t r i fuge  ( f ig .  la; f ig .  2b) .  
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Figure 1. 
i n  t h e  p a r i e t a l  sur face  of  t h e  l e f t  
ce reb ra l  hemisphere of a r a b b i t .  
a, second day of experiment; b, f i f t h  
day of  experiment; arrows, s t a r t i n g  and 
stopping of  t h e  motor. 

Thermogram from a thermis tor  

Figure 2. Rabbit thermogram. P a r i e t a l  
region.  
a, "chest  - back" acce lera t ion ;  b, 
"pelvis  - head" acce lera t ion .  

The value of t h e  i n i t i a l  decrease of temperature from t h e  i n i t i a l  value on the  
f i r s t  day of  t h e  experiment w a s  0.1-0.2O, increas ing  with t h e  number of  t h e  
acce lera t ions .  The m a x i m u m  r eac t ion  w a s  observed on t h e  second day o f  t h e  ex- 

The 
reac t ion  then decreased from day t o  day, and by t h e  f o u r t h  or f i f t h  day it be- 

- 
i 

periment, sometimes toward the  end of the  f i r s t  day (above 0 . 2 O ) .  

came es t ab l i shed  wi th in  the  l i m i t s  of  a somewhat stable m i n i m u m  ( f i g .  l b )  . 
A f t e r  an in t e r rup t ion  of  one or more days, t he  magnitude of  t h e  i n i t i a l  drop 

h 5  

{ 14% 
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again increased, bu t  upon subsequent acce le ra t ions  r a p i d l y  a t t a i n e d  t h e  same 
minimum value.  

An e s s e n t i a l l y  d i f f e r e n t  p i c t u r e  w a s  .observed i n  t h e  dog when the  acce ler -  
a t i o n s  w e r e  l ong i tud ina l .  During the  i n i t i a l  exposure, on t h e  f irst  day of t he  
experiment t he  s t a r t i n g  of t h e  motor w a s  accompanied by a s t e e p  temperature i n -  
c r ease .  
w a s  not determined. The inc rease  on t h e  f i rs t  day w a s  0.1-0.150. After com- 
p l e t e  stopping of t h e  cen t r i fuge  t h e  temperature dropped wi th  equal i n t e n s i t y  
t o  below the  i n i t i a l  l e v e l  ( f i g .  3a). 
increase  w a s  l e s s .  A t  t h e  same time, t he  du ra t ion  of e l e v a t i o n  increased a f t e r  
switching o f f  t h e  motor. The process of displacement of t he  i n i t i a l  increase  

The l a g  i n  r e a c t i o n  r e l a t i v e  t o  t h e  start of t he  cent r i fuge  (10 mm/min) 

On t h e  next day t h e  i n i t i a l  temperature 

Figure 3. Thermogram o'f t h e  f r o n t a l  
reg ion  of t h e  b r a i n  co r t ex  of a dog. 
"Pelvis - head" acce le ra t ion .  
a, f i r s t  exposure, 30 sec, f i rs t  day 
of experiment; b, f i r s t  exposure, 30 
sec,  second day of experiment; c, 
first exposure, 30 sec ,  t h i r d  day of 
experiment a f t e r  a one-day in t e r rup -  
t i o n ;  d, f o u r t h  exposure, 30 sec, 
same day; e, f o u r t h  exposure, 60 see,  
f o u r t h  day of experiment. 



i n t o  t h e  a f t e r e f f e c t  phase began. This l a g  w a s  i n t e n s i f i e d  on t h e  t h i r d  day, 
when t h e  e n t i r e  i n i t i a l  peak developed only a f t e r  switching o f f  t h e  motor 
( f i g .  3c) .  H e r e ,  d i r e c t l y  a f t e r  switching on t h e  motor, t he re  w a s  a small de- 
crease i n  temperature, and only a t  t h e  end of a 30-see acce le ra t ion  d id  an i n -  
crease begin.  It could be c l e a r l y  seen t h a t  e l e v a t i o n  increased with a 

r eac t ion  w a s  weaker than  on t h e  f i r s t .  On t h e  t h i r d  day of t h e  experiment, 
after a 1-day i n t e r r u p t i o n ,  curve he igh t  again w a s  r e s to red  t o  the  i n i t i a l  
l eve l ,  but up on t h e  f o u r t h  acce le ra t ion  ( f i g .  3d! t h e  he ight  w a s  less than  
t h a t  of t h e  f irst  acce le ra t ion  of t h i s  same day. Thus, while t he  cha rac t e r i s -  
t i c s  of t h e  temperature r e a c t i o n  i n  t h e  dog d i f f e r e d  from t h e  r a b b i t ,  t he  
mul t ip le  e f f e c t s  of acce le ra t ions  were completely i d e n t i c a l .  

decrease i n  r o t a t i o n .  Figure 3 a l s o  shows t h a t  on the  second day the  - /17 

It w a s  c h a r a c t e r i s t i c  t h a t  i n  the  case of an increase  i n  dura t ion  t o  60 see 
or more t h e  first upward pe& w a s  completely absent,  while for a l l  p r a c t i c a l  
purposes t h e  temperature r e a c t i o n  t o  r o t a t i o n  of more than  30 see w a s  charac- 
t e r i z e d  by a b r i e f  decrease i n  temperature wi th in  t h e  l i m i t s  of type I thermal 
noise.  

F ina l ly ,  we note  t h e  disappearance of type I f l u c t u a t i o n s  during t h e  de- 
velopment of t h e  i n i t i a l  temperature r eac t ion  wi th in  the  f i r s t  days of t he  ex- 
periment. Immediately a f t e r  t h e  i n i t i a l  temperature peak t h e  type I f l u c t u a -  
t i o n s  are absent; then  they  are  gradual ly  r e s to red ,  bu t  with a l e s s e r  amplitude 
( f i g .  3a). On subsequent days, type I f l u c t u a t i o n s  appear quickly upon comple- 
t i o n  of the i n i t i a l  phase of t h e  r e a c t i o n  ( f i g s .  3c, 3d). This p a t t e r n  i s  
c l e a r l y  expressed on t h e  dog and r a b b i t  thermograms. 

Transverse Accelerations.  Thermogram 
During Accelerat ion 

After switching on the  motor t he  temperature at a l l  i nves t iga t ed  po in t s  
increased, and t h i s  t r end  w a s  sus ta ined  for some time a f t e r  stopping the  cen- 
t r i f u g e  ( f i g .  2a ) .  I n  genera l ,  such a temperature change i s  c h a r a c t e r i s t i c  of 
r a b b i t s  and the  dog. The steepness of the peak i s  l e s s  and type I f l u c t u a t i o n s  
are i n i t i a l l y  d i s t ingu i shab le  and subsequently absent.  The i n i t i a l  temperature 
change, r e l a t i v e  t h e  o r i g i n a l  l e v e l ,  w a s  l e s s  t han  during long i tud ina l  acce ler -  
a t ions  and f o r  r a b b i t s  and t h e  dog w a s  0.05-0.15°. The r e a c t i o n  w a s  s t a b l e ,  
with l i t t l e  v a r i a t i o n .  Its value f luc tua ted  randomly and apparently w a s  not 
r e l a t e d  with t h e  number of acce le ra t ions  f o r  e i t h e r  r a b b i t s  or t he  dog. 

Af t e re f f ec t  Re a c t  i on  

The temperature changes a f t e r  t o t a l  stoppage of the cen t r i fuge  were the  
most unstable components o f  t he  r eac t ion  r e l a t i v e  t o  t o t a l  devia t ion ,  dura t ion  
and t rend.  

A f t e r  l ong i tud ina l  acce lera t ion ,  t h e  r ap id  i n i t i a l  temperature peak /18 f o r  r a b b i t s  and t h e  dog w a s  followed by a smooth temperature decrease.  Peak 
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durat ion on the f i r s t  day of the  experiment w a s  10-15 min. It was n o t  poss ib le  
t o  e s t a b l i s h  the p rec i se  time of r eac t ion  termination s ince  during the f i n a l  
observations it was l o s t  i n  spontaneous temperature f luc tua t ions  and i s  ind i s -  
t inguishable  from type I1 f luc tua t ions .  The maximum temperature decrease f o r  
r a b b i t s  ( f i g .  4): and the  dog w a s  noted on the  second day and thus  coincides 
with the  m a x i m u m  value of t he  f i r s t  phase. Later  t h e  s teepness  of the  tempera- 
t u re  decrease drops of f  genera l ly  dupl ica t ing  the  c h a r a c t e r i s t i c  of the  i n i t i a l  
reac t ion .  I n  the  dog however, t h e  magnitude and dura t ion  of a f t e r e f f e c t s  
decrease f a r  more r ap id ly  than the  magnitude of the i n i t i a l  reac t ion .  Whereas 
the  i n i t i a l  temperature peak was res tored  a f t e r  a 1-day in t e r rup t ion ,  t he  a f t e r -  
e f f e c t  disappeared almost completely ( f i g s .  3a,, 3c) and apparent ly  w a s  not 
r e s to red .  

Af te ref fec t  temperature changes i n  the  r abb i t  w e r e  always constant ( t e m -  
In  the  case of t r ans -  perature  decrease) ,  regard less  of acce lera t ion  vector .  

verse acce lera t ions ,  t he  r eac t ion  was s t a b l e  i n  value and d id  not c l e a r l y  
depend on the  number of exposures. & 

A considerable a f t e r e f f e c t  temperature increase (> 0.30)  w a s  observed i n  
the  dog during the  f i r s t  exposure t o  t ransverse acce lera t ion .  On t h e  followling 

Figure 4. External  values of t h e  a f t e r -  
e f f e c t  r eac t ion  i n  r a b b i t s  from three  
b ra in  sur faces .  a, p a r i e t a l  region; b, 
f r o n t a l  region; A, Extermal during longi- 
t ud ina l  acce lera t ions  a f t e r  3 days of  
experiment; B, same, f o r  t ransverse  ac- 
ce l e ra t ions .  Figures--hundredths of  a 
degree. 



days t h e  r eac t ion  decreased considerably,  reached zero,  reversed (decrease by 
0.140) and again re turned  t o  a p o s i t i v e  value,  bu-t; d i d  no t  reach t h e  i n i t i a l  
value ( f i g .  5 ) .  A t  t h e  same t i m e ,  t h e  he igh t  of  t he  i n i t i a l  temperature peak 
remained t h e  same during t ransverse  acce le ra t ions .  

Thus, t h e  i n t e n s i t y  o f  t he  a f t e r e f f e c t  r eac t ion  i n  the  r a b b i t  w a s  very ob- 
viously r e l a t e d  t o  t h e  magnitude of  the i n i t i a l  reac t ion ,  whereas no such t r end  
w a s  observed i n  the  dog. 

Discussion 

I n  genera l ly  accepting t h e  hypothesis  of most authors  t o  t h e  e f f e c t  t h a t  
t he re  i s  a d i f fe rence  between the  temperatures of  inflowing blood and the  bra in ,  
it can be a s se r t ed  t h a t  t he  c i r c u l a t o r y  changes are undoubtedly r e f l e c t e d  i n  
the  ove ra l l  temperature r eac t ion  t o  acce le ra t ion .  

The rap id  component of  temperature changes during long i tud ina l  /20 
acce lera t ions  i n  the rabbit probably r e f l e c t e d  changes i n  ce reb ra l  blood c i r cu -  
l a t i o n .  It i s  d i f f i c u l t  t o  assume t h a t  metabolic processes,  or more prec ise ly ,  
t h e i r  thermal expression, change so r ap id ly  and t o  such an ex ten t  as occurred 
i n  the  f i rs t  phase of  t h e  temperature r eac t ion  i n  the  r a b b i t .  The dynamics of 
these  temperature changes observed during acce le ra t ion  are d e f i n i t e l y  r e l a t e d  
t o  the e f f e c t  of mechanical f a c t o r s :  t h e  r eac t ion  begins and i s  i n t e n s i f i e d  
with the  s t a r t i n g  of the  motor and r a p i d l y  ceases  a f te r  the  cent r i fuge  i s  com- 
p l e t e l y  stopped. 

Under these  same condi t ions the  ce reb ra l  thermogram f o r  t he  dog e s s e n t i a l -  
l y  d i f f e r s .  F i r s t ,  t he  upward peak i s  the  immediate result of l ong i tud ina l  

Figure 5 .  Extremal values o f  t h e  
a f t e r e f f e c t  r eac t ion  i n  t h e  dog. 
a, f r o n t a l  region; b, e, p a r i e t a l  
region.  
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peak i s  completely unre- 
f a c t o r  and can be com- 
an increase  i n  the  

acce le ra t ion  during t h e  f irst  exposures.  Second, t h i s  
l a t e d  t o  t h e  beginning o f  the  a c t i o n  of  t h e  mechanical 
p l e t e l y  displaced i n t o  the  af tereffect .  F ina l ly ,  with 
operat ing dura t ion  of t he  motor (above 30 sec )  t h e  i n i t i a l  rise not  only does 
not  become g rea t e r ,  bu t  may not  occur a t  all. A t  the  same t i m e ,  wi th  the  lag 
of the  temperature r ise,  a second component of  t h i s  reac t ion ,  lesser i n  ampli- 
tude, occurs:  a downward peak, d e f i n i t e l y  r e l a t e d  t o  the  beginning of t h e  
acce le ra t ion .  Although f o r  t h e  t i m e  being we have no o the r  d a t a  f o r  a more 
complete ana lys i s  of these phenomena, w e  do in tend  t o  consider  t h e  f i r s t  upward 
peak observed i n  the  dog during long i tud ina l  acce lera t ions ,  also a t t r ibu ta l  t o  
c i r c u l a t o r y  changes. However, whereas i n  our  opinion the  downwmd peak i n  the  
r a b b i t  i s  the  r e s u l t  of i n i t i a l  mechanical movement of  blood, i n  the  dog the  
upward peak poss ib ly  r e f l e c t s  compensatory changes i n  c i r cu la t ion .  This does 
not mean t h a t  i n  t h e  r abb i t  the i n i t i a l  r eac t ion  should remain constant  as a 
func t ion  of  t he  s t a b i l i t y  and r e p r o d u c i b i l i t y  of  t he  opera t ing  phys ica l  f a c t o r .  
The sequence of changes i n  venous blood c i r c u l a t i o n  i n  rabbits during mul t ip le  
expcsure t o  long i tud ina l  acce le ra t ions  coincides  completely w i t h  t h e  descr ibed 
sequence of  changes of the f i r s t  phase of  t h e  temperature r eac t ion  under these  
condi t ions (Klimovitskiy, 1964b). 

A s  pointed out ,  the magnitudes of  t h e  i n i t i a l  temperature r eac t ion  i n  the 
dog during long i tud ina l  acce le ra t ions  had a s i m i l a r  chronological  development. 
These coincidences w e r e  not considered proof,  bu t  they  c l e a r l y  suggest t h a t  
the primary temperature r e a c t i o n  i n  the  dog and rabbit can be considered as 
hemodynamic. 

I n  the l i g h t  o f  the d a t a  c i t e d  i n  t h e  l i t e r a t u r e  on t h e  temperature d i f -  
ference between t h e  inflowing blood and t h e  bra in ,  it would be poss ib l e  t o  
expla in  the  d i f f e rence  i n  t h e  t r e n d s  of t h e  i n i t i a l  temperature changes i n  the  
dog and r a b b i t  during long i tud ina l  acce le ra t ions  as fol lows:  The temperature 
of t h e  a r t e r i a l  blood i n  the dog i s  lower than  b r a i n  temperature while i n  the  
rabbit it i s  higher .  During "pelvis  - head" acce lera t ions  ce reb ra l  anemia oc- 
cu r s .  Therefore, t he  sur face  of the ce reb ra l  hemispheres of  t he  b r a i n  of  t he  
dog i s  "heated" while i n  the  r a b b i t  it i s  "cooled," due t o  i n s u f f i c i e n t  
blood supply during acce le ra t ion .  However, such a simple explanat ion i s  ob- 
v ious ly  inadequate. During long i tud ina l  acce le ra t ions  we always observed i n  
t h e  rabbit  a phase of  i n t e n s i f i c a t i o n  of  venous c i r c u l a t i o n .  It m u s t  a l s o  be 
taken i n t o  account that  t h e  the rmis to r s  were placed i n  t h e  b i fu rca t ions  of  t he  
surface veins  carrying blood of  a d i f f e r e n t  temperature than  the temperature of  
the sur face  of t he  hemispheres; thus,  according t o  these data, i n  the rabbit 
t h e r e  w a s  ' 'cooling" while i n  t h e  dog t h e r e  w a s  "heating." A s  we mentioned 
before, t he  increase  i n  venous c i r c u l a t i o n  i s  t h e  end resul t  of  mechanical fac- 
t o r s  ( l o s s  of venous blood) and phys io logica l  compensation. Thus, t h e  tempera- 
t u r e  i n  the  region where t h e  thermis tor  w a s  p laced i n  our  case i s  a func t ion  of  
a t  least  th ree  va r i ab le s :  func t iona l  h e a t  production of the bra in ,  arterial  
inflow and venous outflow. 
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W e  d i d  not  i nves t iga t e  changes of blood c i r c u l a t i o n  during t r ansve r se  ac- 
On t h e  b a s i s  of  the l i terature  (Henry e t  al., 1931) it should be ce l e ra t ions .  

expected t h a t  these  changes w i l l  be less than during long i tud ina l  acce le ra t ions .  



- 1  
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The temperature changes were accordingly s m a l l e r .  New d a t a  compared t o  the  re- 
a c t i o n  t o  long i tud ina l  acce le ra t ions  i n d i c a t e  t (a)  coincidence of the  t rend  of 
t h e  i n i t i a l  temperature peak f o r  t h e  rabbit and dog; (b )  s t a b i l i t y  of t h e  t e m -  
pera ture  r eac t ion  and i t s  apparent nondependence on the  number o f  exposures t o  
the  acce le ra t ion .  

The in su f f i c i ency  of blood supply t o  t h e  b r a i n  i s  obviously accompanied 
by an increase  i n  the  concentrat ion o f  carbon dioxide i n  ce reb ra l  t i s s u e s  and 
ce reb ra l  blood. The la t te r  via reflexes l e a d s  t o  compensatory vasod i l a t a t ion .  
We compared the effect  o f  an  increased content  of' carbon dioxide i n  t h e  inhaled 
a i r  with the  e f f e c t  of  acce le ra t ions .  The e x t e r n a l  analogy o f  t he  temperature 
r eac t ion  t o  carbon dioxide and t o  t r ansve r se  acce le ra t ions  f o r  t he  dog and 
r a b b i t  w a s  very c lose .  The a f t e r e f f e c t  o f  t h e  r eac t ion  o f  blood c i r c u l a t i o n  t o  
carbon dioxide w a s  s i m i l a r  t o  t h e  a f t e r e f f e c t  of  the r eac t ion  t o  long i tud ina l  
acce lera t ions  f o r  t h e  r a b b i t .  Without regarding these  s imi la r i t i es  as proof of  
the  s i m i l a r i t y  o f  t h e  mechanisms, w e  never the less  consider  the  following i n t e r -  
p r e t a t i o n  t o  be appl icable  : Transverse acce le ra t ions  c rea t e  an i n i t i a l  inade- 
quacy of blood supply accompanied by a d e f i c i t  of  oxygen and an excess concen- 
t r a t i o n  of carbon dioxide i n  ce reb ra l  t i s s u e s .  This change i n  t h e  gas balance 
l eads  t o  an increase  i n  func t iona l  hea t  production. It w a s  demonstrated t h a t  
i n  the  case o f  asphyxia and with t o t a l  ce s sa t ion  of  blood c i r cu la t ion ,  the  
b ra in  temperature i n  dogs r ises sharp ly  (Berezovskiy, 1964). 
considerable te rmina l  r ise of  temperature i n  r a b b i t s  during exposures t o  acute 
acce lera t ions  af ter  t o t a l  ce s sa t ion  of ce reb ra l  blood flow. It i s  known t h a t  
asphyxia i s  accompanied by motor e x c i t a t i o n ,  r e s u l t i n g  i n  spasm. According t o  
da t a  i n  the  l i terature ,  these  phenomena are accompanied by a considerable 
increase i n  func t iona l  hea t  production i n  the  motor region of  t he  hemispheres. 

We observed a 
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What we have s t a t e d  m a k e s  it poss ib le  t o  consider  t h e  i n i t i a l  temperature 
increase during t ransverse  acce le ra t ions  as pr imar i ly  func t iona l  and not  hemo- 
dynamic. This, o f  course, does not  solve t he  problem o f  the  p a r t i c i p a t i o n  of 
c i r cu la to ry  changes i n  t h e  formation o f  these  thermal processes .  

A s  mentioned above, t he re  i s  a s i m i l a r i t y  i n  c i r c u l a t o r y  changes during 
recovery after exposure t o  long i tud ina l  acce le ra t ion  or an increased content 
of carbon dioxide.  i n  t he  per iod of  t h e  temperature minimum i n  
the a f t e re f f ec t  t he  blood flow i n  the  r a b b i t s  increased.  A t  t he  t i m e  of grad- 
u a l  temperature recovery, t he  blood flow i s  normalized and becomes somewhat 
less  than a t  rest. During all t h i s  t i m e  t he  temperature remains below the  
i n i t i a l  level .  Thus, it would be poss ib le  t o  consider  t he  temperature decrease 
i n  the  a f t e r e f f e c t  t o  be t h e  result o f  decreased func t iona l  hea t  production, 
provided the  temperature of  t h e  a r r i v i n g  blood i s  s t a b l e .  However, t h i s  i s  
not the  case.  I n  the acute experiment on the r a b b i t  w e  recorded temperature 
changes i n  t h e  ca ro t id .  It w a s  demonstrated t h a t  with an increase  i n  inhaled 
carbon dioxide content,  t he  blood temperature i n  the  c a r o t i d  undergoes an i n i -  
tial two-phased change; t he  f i r s t  peak i s  d i r ec t ed  upward. I n  the  a f t e r e f f e c t  
t he  temperature r e t u r n s  slowly t o  the' i n i t i a l  l eve l .  Apparently, t h e  r o l e  of 
the  hemodynamic f a c t o r  i n  t h e  formation of  a f t e r e f f e c t  temperature reac t ions  
i n  the  r abb i t  cannot be taken i n t o  account. 

S p e c i f i c a l l y :  
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The temperature r eac t ions  i n  t h e  dog during recovery after acce le ra t ions  
w e r e  more complex. W e  are p resen t ly  unable t o  i n t e r p r e t  them. 

n e  measurement of  t he  body temperature of  animals exposed t o  accelera-  
t i o n s  has been r ecen t ly  conducted by a number of authors  (Danileyko, 1964; 
Matsinin, 1964; Simeonova, 1964). I n  experiments on mice and rats after acce l -  
e r a t i o n s  of 30-40 g f o r  up t o  3 min the  authors  observed a so-ca l led  "post- 
g r a v i t a t i o n a l  hypothermia." This phenomenon involved a decrease i n  r e c t a l  and 
sur race  temperature by 1-3O, l a s t i n g  from 30 min t o  several hours. According 
t o  the  observat ions made by Danileyko, similar temperature changes a l s o  occurred 
i n  the  i n t e r n a l  organs.  
i n  animals k i l l e d  immediately af ter  r o t a t i o n .  

The temperature of  t h e  i n t e r n a i  organs w a s  measured 

The temperature measurements i n  these  inves t iga t ions ,  i n so fa r  as can be 
judged from b r i e f  communications, w e r e  made with some methodological shortcom- 
ings .  
experimental  animals, when i n  t h e  course of  several minutes of  acce le ra t ion  
they  were exposed t o  a i r  cu r ren t s .  The authors  of  t h i s  s tudy attempted t o  
avoid t h i s  complication by wrapping the  animals. There i s  no bas i s  f o r  assum- 
ing  t h a t  t h i s  measure w a s  e f f e c t i v e .  Moreover, w e  fee l  t h a t  t he  conclusion 
t h a t  t he re  i s  a temperature decrease i n  the  i n t e r n a l  organs on t h e  basis of  
measurements on dead animals i s  unsound, even i f  death occurred 1-2 min p r i o r  
t o  the  temperature measurement. Thus, only d a t a  on a decrease i n  r e c t a l  t e m -  
pe ra tu re  are absolu te ly  r e l i a b l e .  This phenomenon, l i k e  the  temperature de- 
crease i n  the o the r  i nves t iga t ed  regions,  i s  a t t r i b u t e d  by t h e  authors  t o  grav- 
i t a t i o n a l  hypoxia, assoc ia ted  with hemodynamic and r e s p i r a t o r y  impairments. 
The dura t ion  and i n t e n s i t y  of acce le ra t ions  used i n  the  s tud ie s  c i t e d  w e r e  not  
comparable t o  those used i n  our  s tudy.  However, as a l ready  mentioned, a b r i e f  
and not  in tense  hypothermal a f t e r e f f e c t  occurred. Only i n i t i a l  t ransverse  
acce le ra t ions  i n  the  experiment with a dog y ie lded  a considerable  temperature 
increase  during the  a f t e r e f f e c t .  

For example, it w a s  d i f f i c u l t  t o  avoid mechanical cool ing of  t h e  /23 

Conclusions 

1. The temperature r eac t ion  o f  t he  b r a i n  t o  acce le ra t ions  i n  t h e  r a b b i t  
and dog w a s  charac te r ized  by two d i s t i n c t  phases, t h e  f i rs t  of which i s  re- 
l a t e d  t o  t h e  du ra t ion  of  t h e  mechanical e f f e c t  and t h e  second of  which develops 
a f te r  i t s  terminat ion.  

2. The f i rs t  phase of  t h e  temperature r eac t ion  t o  long i tud ina l  acce lera-  
t i o n s  during a series of successive exposures undergoes changes s i m i l a r  t o  
those i n  ce reb ra l  blood flow under these  condi t ions and i s  a r e s u l t  of t h e i r  
phys io logica l  and mechanical e f f e c t .  

3. The f i rs t  phase o f  t h e  temperature r e a c t i o n  t o  t ransverse  acce lera-  
t i o n s  d i f f e r s  from the  s i m i l a r  phase f o r  l ong i tud ina l  acce le ra t ions  i n  i t s  
s t a b i l i t y  and low dependence on t h e  number o f  preceding exposures.  



4. The a f t e r e f f e c t  i s  a thermal expression o f  compensatory processes  and 
i s  q u a n t i t a t i v e l y  r e l a t e d  t o  the i n t e n s i t y  of  t he  temperature changes which 
occur during acce le ra t ion .  
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FUNCTIONAL STATE OF THE OTOLITHIC PAFE'P OF THE VESTIBULAR 
ANALYZER OF GUINEA PIGS AFTER DOUBLE EXPOSURE 

TO CEPJTRIFUGATION 

Z. I. Apanasenko 

ABSTRACT 

The e f f e c t  of double exposure t o  acce le ra t ion  (chest-  
back, 8 g,  15 min, one day i n t e r v a l )  and the func t iona l  s t a t e  
of t he  o t o l i t h i c  apparatus of t h e  guinea p ig  w e r e  i n v e s t i -  
gated. The change i n  some myoelectric c h a r a c t e r i s t i c s  of 
ves t ibu la r - ton ic  hind l e g  r e f l e x e s  w a s  noted. These changes 
are  of a s h o r t e r  dura t ion  and i n  some cases  are  of a l e s s e r  
magnitude than  those a f t e r  v i b r a t i o n  wi th  s imi l a r  parameters 
( v e r t i c a l ,  0.4 mm, 7 cps, twice f o r  15 min wi th  a one day 
i n t e r v a l ) .  A hypothesis on t h e  mechanism of the  observed 
e f f e c t s  i s  advanced. 

departure from normal; ana lys i s  of t h e  pe r iphe ra l  blood d i s -  
closed i n s i g n i f i c a n t  leukocytos is .  

are  compared wi th  respec t  t o  ind ices  of t h e  ves t ibu la r - ton ic  
r e f l ex .  I n  some cases t h e  e f f e c t s  of space f l i g h t  r evea l  
some cumulation of v ib ra t ion  and acce le ra t ion  e f f e c t s ,  a i -  
though they  were not f u l l y  reproducible.  

The condition of t he  experimental animals revealed no 

The e f f e c t s  of space f l i g h t ,  acce l e ra t ion ,  and v ib ra t ion  

Many inves t iga t ions  of t he  inf luence  of acce le ra t ions  on t h e  animal & 
and human body have been made i n  r ecen t  years  i n  r e l a t i o n  t o  advances i n  a s t r o -  
nau t i c s .  Changes i n  pulse and r e s p i r a t i o n  r a t e s ,  blood pressure ,  t i s s u e  m e -  
tabolism and phys io logica l  parameters were determined (Babushkin, 1959; Barer  
e t  a l . ,  1963; Kotovskaya e t  al., 1962; Kovalenko e t  a l . ,  1963; Fasser  e t  a l . ,  
1963). Impairment of hemodynamics i s  of t h e  g r e a t e s t  importance, e s p e c i a l l y  
under t h e  influence of l ong i tud ina l  acce le ra t ions ;  t h i s  impairment i s  t h e  most 
s i g n i f i c a n t  of t he  many func t iona l  d i s turbances  (Marukhanyan, 1961; Gazulov, 
1955; Rosin e t  a l . ,  1959; Usachev, 1961; Beckman e t  a l . ,  1954). Among t h e  devia- 
t i o n s  from normal i n  CNS a c t i v i t y  a re  f requent  cases of lengthening of t h e  
l a t e n t  periods,  d i s rup t ion  of t h e  conditioned r e f l e x e s  and d i s i n h i b i t i o n  of 
d i f f e r e n t i a t i o n s  (Barer, 1962a,b; Bres tk in ,  1958; Bronshteyn and Zagryadskiy, 
1958; Vinogradov e t  a l . ,  1953; Dmitriyev' and Kotova, 1960, 1961; Kislyakov, 
1956, 1958; Beckman e t  a l . ,  1954). S t r e s s  r eac t ions  during exposure t o  accel-  
e r a t i o n s  a r e  sometimes accompanied by slowing of psychomotor responses and de- 
t e r i o r a t i o n  of instantaneous memory and response t o  information processes 
(Chambers and Hitchcock, 1963). 
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In pharmacological (Belay, Vasil'yev and Kolchin, 1964) and electroence- 
phalographic investigations (Barer, 1962; Barer et al. , 1963; Izosimov and 
Razumeyev, 1960, 1962; Savin and Sulimo-Samuylio, 1960, 1958) it was discovered 
that exposure to accelerations causes impairment of the functional interrela- 
tions of stimulation and inhibition processes in the cortex and subcortex of 
the brain. 

Under space flight conditions particularly high requirements are imposed 
on the activity of the vestibular apparatus, on which the feeling of well-being 
and the work capacity of cosmonauts are highly depengent. Naturally, for modern 
aviation and space science it is of very great importance to study these 
changes, which may arise in relation to the impairment of the vestibular 
functions under the influence of accelerations, which constitute a powerful 
dynamic factor in space flight. 
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One of the important changes is disruption of motor coordination. Some 
motor-coordination impairments (especially fine movements) were observed during 
or after exposure to accelerations by many investigators. V. S. Gurfinkel' and 
his coauthors (1959), in experiments in a high-speed elevator at Moscow State 
University (- 2 g), noted that subjects experienced an increase in the body 
oscillation amplitudes and displacement of the hands from their regular 
position. 

Impairment of coordination with an increase of amplitude and rhythm of 
movements was also observed during accelerations by B. M. Savin (1957). During 
accelerations of 3 and 7 g, the subjects were less able to differentiate the 
force of applied pressure (Chkhaidze, 1962a,b); at accelerations of 2-5 g there 
was impairment of the capacity to adequately evaluate a lifted weight (Maruk- 
hanyan et al., 1962). 
significant discoordination of movements--trembling and involuntary movements 
of the torso and extremities (Rhein, Taylor, 1963; Bruce, Barr, 1963). 

High accelerations of 20 g or more cause a still more 

On the other hand, it can be considered established that an increase in 
acceleration (to a certain value) is accompanied by an increase in the ampli- 
tude of bioelectric currents in skeletal muscles (Babushkin et al., 1961; 
Barer, 1962a; Barer, Golov et al., 1963; Kotovskaya et al., 1962; Marukhanyan 
et al., 1962; Yuganov et al., 1963). 
creased bioelectric activity of the muscles is evidence of an increase in 
muscle tonus and is a compensatory mechanism accompanying the effect of accel- 
erations (Babushkin et al., 1961; Barer, 1962a; Yuganov et al., 1963). 
Babushkin et a1 (1961) relate the increase in tonic stress of the muscles to an 
increase in static work during accelerations and an intensification of the flux 
of impulsation from proprioceptors and baroceptors. There is information to 
the effect that under the influence of accelerations excitation of many neuro- 
muscular structures and impairment of the peripheral motor coordination occurs 
resulting in a shift in the function of nerve plexes (Marukhanyan et al., 1962). 
Thus, the authors attribute the increase in myoelectric activity and impairments 
of movement coordination to disruptions bf the motor system. 

At present it is usually assumed that in- 

V. I. 

In actuality, the appearance of excitation foci in the region of the motor 
analyzer under the influence of accelerations was noted by B. M. Savin (1957). 
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D. I. Medvedev (1963), i n  a microscopic inves t iga t ion  of t h e  bra in ,  a f t e r  b r i e f  
acce le ra t ions  of 8 and 12  g (du ra t ion  of 3 and 1 min, r e s p e c t i v e l y ) ,  discovered 
a number of morphohistochemical changes i n  t h e  region of t h e  motor analyzer. 

However, t h e r e  a re  many d a t a  ind ica t ing  the development of motor d i s t u r -  
bances of a t y p i c a l l y  v e s t i b u l a r  charac te r .  For example, Winget, Smith and - /q 
Kelly (1962), during and a f t e r  prolonged acce le ra t ion  on a cent r i fuge  
1.5-2.0 g ) ,  observed t h e  development of pos tu ra l  and locomotor abnormalit ies i n  
chicks, accompanied by symptoms of func t iona l  d i s turbances  of t h e  l abyr in th .  
Spec ia l  v e s t i b u l a r  t e s t s  ( r o t a t i o n  around an axis passing through both 
l a b y r i n t h s )  revealed a change i n  t h e  dura t ion  of postnystagmus and cupulometric- 
parameters. 
l a b y r i n t h  of b i r d s .  

These acce le ra t ions  caused an increase  i n  s e n s i t i v i t y  of the 

A n  increase  i n  the  e x c i t a b i l i t y  of t h e  v e s t i b u l a r  apparatus was a l s o  noted 
by V .  A. Shabalin (196~) when human sub jec t s  were exposed t o  an aper iodic  
angular displacement ( acce le ra t ions  up t o  2 g ) .  During r a p i d l y  changing accel-  
e r a t i o n s  of g r e a t  i n t e n s i t y  t h e r e  were ves t ibu la r  d i s turbances  wi th  symptoms of 
d i scoord ina t ion ,  involuntary  movements of t he  t o r s o  and ex t r emi t i e s  and 
trembling (Bruce, Bar r ,  1963). 

Cramer e t  a l .  (1963) recorded electronystagmograms of c a t s  during opto- 
k i n e t i c  i r r i t a t i o n  a f t e r  s t imu la t ion  of the l abyr in ths  (ho r i zon ta l  semic i rcu lar  

canals)  by angular acce le ra t ions  (0.1-0.4 rad/sec ). This exposure changed t h e  
dynamic c h a r a c t e r i s t i c  and the  amplitude of responses t o  a s e r i e s  of ves t ibu la r  
s t i m u l i .  A change i n  t h e  charac te r  of nystagmic r eac t ions  f o r  d i f f e r e n t  values 
of angular acce le ra t ions  and "g forces"  wa's a l s o  observed by Evans e t  a l .  
(1962). The authors recorded t h e  motions of the l a b y r i n t h i c  cupula, p o t e n t i a l s  
of the v e s t i b u l a r  nerve, nystagmic movements of t h e  eyes, and accelerometer and 
chronometer da t a .  

2 

An increase  i n  v e s t i b u l a r  r eac t ions  during a 5 min r o t a t i o n  on a cent r i fuge  
was observed i n  dogs by A. Ye. Kurashvili  (1962). An i n d i r e c t  confirmation of 
the p a r t i c i p a t i o n  of t h e  v e s t i b u l a r  apparatus i n  t h e  r eac t ions  of t he  body t o  
the  e f f e c t  of acce le ra t ions  may be the discovery by t h i s  same author of t h e  
disappearance of t h e  autonomous components of t h e  e f f e c t  (change i n  pulse  and 
r e s p i r a t i o n )  i n  animals with s u r g i c a l l y  removed l abyr in ths .  

These inves t iga t ions  a t t e s t  t o  t h e  influence of acce le ra t ions  e i t h e r  on 
l a b y r i n t h  f'unctions i n  genera l ,  or more f requent ly ,  on t h e  func t ions  of t he  
s imic i r cu la r  canals.  The recording c h a r a c t e r i s t i c s  of r eac t ions  and t e s t i n g  
samples made poss ib le  a s tudy  of t h e  cupular component of t he  v e s t i b u l a r  ap- 
para tus .  W e  could f i n d  no s p e c i f i c  i nves t iga t ions  of t h e  inf luence  of accel-  
e r a t i o n s  on t h e  o t o l i t h i c  component of t h e  l a b y r i n t h  i n  t h e  l i t e r a t u r e  ava i l -  
able .  However, some d a t a  i n d i r e c t l y  ind ica t e  i t s  s u s c e p t i b i l i t y  t o  damage 
during acce le ra t ions .  Among such d a t a  i s  t h e  dependence of t h e  nystagmic reac- 
t i o n  accompanying human exposure t o  various magnitudes of angular acce le ra t ions  
on body p o s i t i o n  re la t ive  t o  the  v e r t i c a l  ax i s  of r o t a t i o n  (Markaryan, 1963). 
The dependence of information from t h e  o t o l i t h s  on t h e  d i r e c t i o n  of t h e  /28 
r e s u l t a n t  r a d i a l  acce le ra t ion  was discovered by Schubert and Kolder (1962). 
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The s tudy  by Ye. M. Yuganov, I. I. Kas'yan and B. F. Asyamolog (1963) i s  
very i n t e r e s t i n g .  The authors ca r r i ed  ou t  a series of i nves t iga t ions  on human 
sub jec t s  and d i f f e r e n t  animals during exposure t o  acce le ra t ions  (1-7 g )  i n  
parabol ic  f l i g h t s  aboard a i r c r a f t ,  v e r t i c a l  f l i g h t s  i n  rocke ts  and during cen- 
t r i f u g a t i o n .  
of b i o e l e c t r i c  cu r ren t s  i n  s k e l e t a l  muscles (by a f a c t o r  of 1.3-3.0) during 
acce lera t ions  and a decrease i n  these  same ind ices  during weightlessness.  The 
r eac t ion  was manifested p a r t i c u l a r l y  c l e a r l y  i n  t h e  ex tensor  muscles. Inverse 
r e l a t i o n s  were sometimes manifested i n  ex t remi ty  f l e x o r s  ( c a t s  and dogs). 
animals with s u r g i c a l l y  removed l abyr in ths ,  t h e  b i o e l e c t r i c  a c t i v i t y  of t h e  

. muscles remained v i r t u a l l y  unchanged. The authors personal ly  i n t e r p r e t  t he  
observed e f f e c t s  t o  be t h e  r e s u l t  of in f luences  from t h e  v e s t i b u l a r  ana lyzer .  
I n  addi t ion ,  i f  it i s  taken i n t o  account t h a t  ves t ibu la r - ton ic  inf luences  on 
the muscles ( e s p e c i a l l y  t h e  ex tenso r s )  a r e  r e l a t e d  t o  t h e  o t o l i t h i c  component 
of the v e s t i b u l a r  apparatus including u t r i c u l i  (Magnus, 1924), t h e  p a r t i c i p a -  
t i o n  of t h e  l a t t e r  i n  the  change of t he  l e v e l  of myoelectrical  a c t i v i t y  during 
acce le ra t ions  i s  e n t i r e l y  poss ib le .  

It was found t h a t  t h e r e  i s  an increase  i n  the  tonus and amplitude 

I n  

Nevertheless, t o  i nves t iga t e  t h e  a f f e c t  of acce le ra t ions  on the  func t iona l  
s t a t e  of t h e  o t o l i t h i c  component of t he  l abyr in th ,  s p e c i a l  s t u d i e s  must be 
conducted using a c a r e f u l l y  measured experimental st imulus of t h i s  p a r t  of the 
ves t ibu la r  apparatus. 

This study r ep resen t s  an attempt t o  c a r r y  ou t  such an experiment i n  which 
the types of v e s t i b u l a r  tests and eva lua t ions  of response reac t ions  were 
oriented t o  study o t o l i t h i c  func t ions .  

The purpose of t h i s  experiment was t o  s tudy  t h e  func t ions  of t h e  o t o l i t h i c  
component of t h e  v e s t i b u l a r  apparatus a f t e r  t he  exposure of animals t o  acce ler -  
a t ion .  
One group of animals (12 guinea p i g s )  was subjected t o  acce le ra t ion  twice, wi th  
a one-day i n t e r v a l ,  and t h e  second group (16 guinea p i g s )  served as  a cont ro l  
and was not subjected t o  acce lera t ion .  The r o t a t i o n  was conducted a t  a r a t e  
of 135 rpm wi th  an arm rad ius  of 39.5 em. The dura t ion  of each acce le ra t ion  
was 15 min. 
mentation began 7-10 days p r i o r  t o  acce le ra t ion ,  and the  animals were then  
examined 1 (each 10-15 min), 2, 3, 5, 7, 10, 15, 20, 25 and 30 days a f t e r  
acce lera t ion .  

The experimental animals were male @nea pigs,  weighing 350-500 g. 

The 8 g acce le ra t ions  were i n  a "back-chest" d i r ec t ion .  Experi- 

A change i n  the  func t iona l  s t a t e  of t h e  v e s t i b u l a r  analyzer was monitored 
as  a func t ion  of t h e  electromyographic c h a r a c t e r i s t i c s  of t h e  ves t ibu la r - ton ic  
r e f l ex  i n  hind l e g  extensors.  The record of t h e  b i o e l e c t r i c  a c t i v i t y  of these  
muscles was made during th ree  successive 10-sec periods: before,  during and 
d i r e c t l y  a f t e r  adequate s t imula t ion  of the organ of equilibrium. The method 
f o r  recording myoelectrical  a c t i v i t y ,  adequate measured stimulus of t h e  
ves t ibu la r  apparatus,  and procedures f o r  primary and s t a t i s t i c a l  processing of 
the r e s u l t s  have been described i n  e a r l i e r  s t u d i e s  (Apanasenko, 1964a). 
i nves t iga t ion  of func t ions  of the  v e s t i b u l a r  apparatus was accompanied by ex- 
amination of t he  pe r iphe ra l  blood, body weight, and the  genera l  condition of t h e  
animals. 

/29 
The 
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The spontaneous b i o e l e c t r i c  a c t i v i t y  of t he  inves t iga ted  muscles during 
r e l a t i v e  r e s t  (animal seated i n  a normal pose) immediately a f t e r  cen t r i fuga-  
t i o n  increases  very sharply ( f i g .  l). However, t h i s  e f f e c t  does not  p e r s i s t  
f o r  a r e l a t i v e l y  long t i m e .  Even on the  day following the  acce lera t ion ,  t he  
l e v e l  of background e l e c t r i c a l  a c t i v i t y  of t he  extensors  begins t o  decrease.  
I n  some animals t he  value of t he  e l e c t r i c a l  a c t i v i t y  on t h i s  day even decreases 
t o  normal. By the seventh day a f t e r  t h e  f i rs t  exposure t o  acce le ra t ion ,  the  
spontaneous muscular a c t i v i t y  of a l l  experimental  animals w a s  completely nor- 
malized and t h e r e a f t e r  no longer  e s s e n t i a l l y  d i f f e r e d  from cont ro l  a c t i v i t y .  
The background myoelectric a c t i v i t y  i n  the  group of animals subjected t o  
acce lera t ions  comes even lower than  t h a t  of t h e  cont ro l  group. The curve 
showing the  e f f e c t  of acce le ra t ion  i s  s i t u a t e d  along the  lower boundary of t h e  
cont ro l  curve beginning on the  seventh day. 
acce le ra t ion  it even exceeds the  cont ro l  l e v e l ,  r e f l e c t i n g  an i n s i g n i f i c a n t  
decrease i n  the  background e l e c t r i c a l  a c t i v i t y  of muscles i n  experimental  
animals. 

On the  25th and 30th days a f t e r  

Thus, two d i f f e r e n t  per iods i n  the  dynamics of spontaneous e l e c t r i c a l  
a c t i v i t y  of the inves t iga ted  muscles a re  c l e a r l y  defined: r e l a t i v e l y  /30 
short--an increase;  and more prolonged--normalization of the values along the  
lower boundary of t h e  cont ro l .  I n  the  f i r s t  period, t he  d i f fe rence  from the  
cont ro l  i s  s t a t i s t i c a l l y  r e l i a b l e  wi th  respec t  t o  both t h e  s c a t t e r  and the  
median ( P  < 0.001). 
experimental and cont ro l  groups did not  d i f f e r  
median (P > 9.05). 

I n  t h e  second period, t he  ind ices  f o r  animals i n  t h e  
r e l i a b l y  wi th  r e spec t  t o  the  

Figure 1. Change i n  i n t e g r a l  background 
b i o e l e c t r i c  a c t i v i t y  of muscles of t h e  
hind l e g  of guinea p igs  after accelera-  
t i o n .  
x-axis--t ime a f t e r  acce lera t ion ,  i n  days. 
y-axis--value of muscular e l e c t r i c a l  
a c t i v i t y  i n  re la t ive u n i t s .  0, mean 
l e v e l  of background myoelectric a c t i v i t y  
before  exposure; 1, cont ro l ;  2, group of 
animals exposed t o  acce lera t ion .  
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Figure 2. Change i n  t o t a l  e l e c t r i c a l  
a c t i v i t y  of muscles of t he  hind l e g  
of guinea p igs  during adequate stimu- 
l a t i o n  of v e s t i b u l a r  apparatus  af ter  
acce lera t ion .  Notations same a s  i n  
f igu re  1. 

The r e s u l t s  were s imi l a r  f o r  a l l  (except one) of the  animals subjected t o  
acce lera t ions .  
c a l  a c t i v i t y  of t he  extensors  on the  days of acce le ra t ion .  I n  t h i s  animal 
during the  inf luence of acce lera t ions ,  myoelectr ic  a c t i v i t y  i n  a s t a t e  of 
r e l a t i v e  rest decreased r a t h e r  s t rongly,  e s p e c i a l l y  on the  f i r s t  seven days 
a f t e r  exposure. By the  t e n t h  day the  changes were s m a l l ,  bu t  a somewhat de- 
creased l e v e l  of b i o e l e c t r i c  a c t i v i t y  of the  ex tensors  pe r s i s t ed  i n  t h i s  animal 
during the  e n t i r e  i nves t iga t ion .  The r eac t ion  of t h e  inves t iga ted  group of 
muscles t o  adequate s t imula t ion  of t he  ves t ibu la r  analyzer was somewhat unique. 
The b i o e l e c t r i c  a c t i v i t y  of these  muscles during ( f i g .  2) and d i r e c t l y  a f t e r  
( f i g .  3) adequate s t imula t ion  of t he  v e s t i b u l a r  apparatus by cont ro l led  o s c i l -  
l a t i o n  was e s s e n t i a l l y  the  same a s  the  con t ro l .  Differences from cont ro l  
values were unre l i ab le  r e l a t i v e  t o  the  median and s c a t t e r  (P > 0.05) .  

One guinea p ig  d i d  no t  show an increase  i n  spontaneous e l e c t r i -  

I n  both cases (during and a f t e r  r eac t ions  t o  v e s t i b u l a r  s t imu la t ion ) ,  the 
curves r e f l e c t i n g  the  e f f e c t  of acce le ra t ion  a r e  very s i m i l a r  t o  one another i n  
shape. Up t o  the  f i f t h  day a f t e r  exposure they  a re  s i t u a t e d  along the  lower 
boundary of the  cont ro l ,  and beginning on the  seventh day they  l i e  along t h e  
upper boundary and a l i t t l e  above it. This  absence of changes i s  apparent ly  
r e l a t ed  i n  p a r t  t o  a high l e v e l  of background e l e c t r i c a l  a c t i v i t y  i n  muscles 
on the  f i r s t  day a f t e r  acce lera t ion .  
e f f e c t )  t o  ves t ibu la r  s t imula t ion  does not  vary r e l a t i v e  t o  the  highly in-  
creased e l e c t r i c a l  a c t i v i t y  of the  muscles i n  a r e s t i n g  s t a t e .  However, i n  
absolute values,  excluding the  background, on t h e  f i rs t  t h r e e  days a f t e r  accel-  
e r a t ion  the re  i s  a r a t h e r  s i g n i f i c a n t  increase  i n  t h e  e l e c t r i c a l  a c t i v i t y  of 
the Invest igated muscles during and d i r e c t l y  a f t e r  adequate s t imula t ion  of the  
ves t lbu lar  apparatus ( f i g s .  4 and 5 ) .  These changes a r e  uniform f o r  a l l  ani-  
mals of the  experimental group. 

The myoelectric r eac t ion  (and i t s  a f t e r -  

The l a t e n t  period of the  r eac t ion  changes very s i g n i f i c a n t l y  a f t e r  expo- 
sure t o  acce lera t ions  ( f ig .  6 ) .  Here, a s  i n  t h e  case of background e l e c t r i c a l  
a c t i v i t y ,  t he re  a re  two c l e a r l y  expressed phases of change. 
accelerat ion,  t h e  l a t e n t  period of myoelectric r eac t ion  t o  ves t ibu la r  st imula- 
t i o n  decreases very g rea t ly .  
de t ec t  the l a t ency  of the reac t ion .  On the  day af ter  t h e  second acce lera t ion ,  

On the  days of 

I n  some cases  we were completely unable t o  

from the  the decrease i n  the  l a t e n t  period w a s  no longer  a s  s i g n i f i c a n t ;  
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Figure 3. Change i n  t o t a l  e l e c t r i c a l  
a c t i v i t y  of muscles of t he  hind l e g  of 
guinea p igs  during t h e  a f t e r e f f e c t  of 
r eac t ion  t o  adequate v e s t i b u l a r  stimu- 
l a t i o n  a f t e r  acce lera t ion .  Notations 
same a s  i n  f i g u r e  1. 

1 . 2 3  5 7 f0 15 30 

Figure 4. Change i n  t o t a l  e l e c t r i c a l  
a c t i v i t y  of muscles of t h e  hind l e g  of 
guinea p igs  during adequate ves t ibu la r  
s t imula t ion  a f t e r  acce le ra t ion .  
Along y-axis--absolute  t o t a l  value of 
muscular e l e c t r i c a l  a c t i v i t y  disregard-  
ing the  background e l e c t r i c a l  a c t i v i t y  
of these  same muscles. Other no ta t ions  
same as i n  figure 1. 

through the t e n t h  day a f t e r  t he  f i rs t  acce le ra t ion  the  l a t e n t  period i s  com- 
p l e t e l y  normal. 
ves t ibu la r - ton ic  r eac t ion  increases  considerably and p e r s i s t s  a t  a high l e v e l  
up t o  the  end of t he  inves t iga t ion .  

However, a f t e r  t h e  t e n t h  day t h e  l a t e n t  per iod of t he  

Both observed phases of changes ( sepa ra t e ly )  d i f f e r  r e l i a b l y  from t h e  con- 
t r o l  with r e spec t  t o  both s t a t i s t i c a l  i nd ices  (P < 0.001). The s c a t t e r  w i th in  
the  experimental group i n  the  course of both per iods was greater--exceeding by 
a f a c t o r  of t h r e e  the  s c a t t e r  w i th in  t h e  cont ro l  group. The median of changes 
i s  f i rs t  s i t u a t e d  5.2 u n i t s  below (period I) and then  3.3 u n i t s  above (period 
11) the  cont ro l  group. 
t i r e  time a f t e r  acce le ra t ion  d i f f e r  r e l i a b l y  from t h e  c o n t r o l  only r e l a t i v e  t o  
s c a t t e r  (P C 0.001). The median Of t h e  changes, r e f l e c t i n g  t h e i r  opposi te  d i -  
r e c t i o n  i n  the  first and second phases, does not change compared t o  the  con t ro l  

However, t he  values  of t h e  l a t en t  per iod during the  en- 



Figure 5. Change i n  t o t a l  e l e c t r i c a l  
a c t i v i t y  of muscles of the  hind l e g  of 
guinea pigs  during the  a f t e r e f f e c t  of 
r eac t ion  t o  adequate v e s t i b u l a r  stimu- 
l a t i o n  a f t e r  acce lera t ion .  
Along y-axis--absolute t o t a l  value of 
muscular e l e c t r i c a l  a c t i v i t y  disregard-  
ing the  background e l e c t r i c a l  a c t i v i t y  
of these  same muscles. Other no ta t ions  
same as i n  f igu re  1. 

Figure 6. 
l a t e n t  period of r eac t ion  t o  adequate 
ves t ibu la r  s t imula t ion  a f t e r  accelera-  
t i o n .  
Along y-axis--value of l a t e n t  period 
i n  r e l a t i v e  u n i t s .  Remaining nota t ions  
same a s  i n  f i g u r e  .1. 

Change i n  dura t ion  of the  

(P > 0.03). 
ment a1 group. 

The changes a r e  completely uniform f o r  a l l  animals of the  experi-  

It i s  i n t e r e s t i n g  t o  note the  almost d i r e c t l y  opposite dynamics of the 
f irst  phases of t he  changes i n  the  l a t e n t  period of t he  ves t ibu la r - ton ic  
reac t ion  and the  e l e c t r i c a l  a c t i v i t y  of the  muscles i n  a s t a t e  of r e l a t i v e  ii 

r e s t .  However, the  phase of increase  i n  t h e  l a t e n t  period corresponds t o  a 
phase of s t a b i l i z a t i o n  i n  background myoelectric a c t i v i t y  along t h e  lower 
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boundary of t h e  cont ro l .  The d i r e c t l y  opposi te  cha rac t e r  o f  t h e  dynamics i s  no 
longer observed here, bu t  t h e r e  i s  some correspondence of  temporal changes. 
The dura t ion  of t h e  a f t e r e f f e c t  of  t h e  inves t iga ted  myoelectric r eac t ion  t o  
adequate ves t ibu la r  s t imula t ion  ( f i g .  7) undergoes wavelike changes a f te r  /33 
acce le ra t ion  passing through the  zero l e v e l .  Immediately a f t e r  acce le ra t ion  it 
increases  while from t h e  f i f t h  through the  t e n t h  days it decreases  somewhat and 
then increases  a l i t t l e ,  e t c .  The amplitude of these  f l u c t u a t i o n s  i s  no t  very  
g rea t ,  bu t  appreciably g r e a t e r  than  i n  the  cont ro l .  The d i f f e rence  from the  
cont ro l  i s  re l iab le  r e l a t i v e  t o  s c a t t e r  (P < 0.001) bu t  un re l i ab le  r e l a t i v e  t o  
the  median (P > 0.05). 

With respec t  t o  t h i s  parameter, t he  changes are uniform f o r  a l l  animals 
subjected t o  acce lera t ion .  Thus, under t h e  inf luence o f  acce le ra t ions  t h e r e  
i s  a change i n  some of t h e  myoelectric c h a r a c t e r i s t i c s  of t h e  ves t ibu lar - ton ic  
r e f l e x  f o r  t he  ex tensors  of t h e  hind l e g s .  Prolonged changes occur only  i n  
the  l a t e n t  period of the  inves t iga ted  ves t ibu lar - ton ic  reflex. I n  t h e  remain- 
ing cases (spontaneous e l e c t r i c a l  a c t i v i t y  of t h e  muscles, dura t ion  of the  
a f t e r e f f e c t  of t he  r eac t ion  t o  v e s t i b u l a r  s t imula t ion) ,  t h e  changes are rela- 
t i v e l y  br ie f  and most c l e a r l y  expressed on the  days of a c c e l e r a t i o n . "  

The number of leukocytes  i n  t h e  pe r iphe ra l  blood of t h e  animals increases  
appreciably a f t e r  exposure t o  acce le ra t ions  ( f i g .  8 ) .  Moderate leukocytosis  
p e r s i s t s  during the  e n t i r e  per iod of  t h e  inves t iga t ion .  Beginning on the  20th 

blood c e l l s .  Tne d i f f e rence  from t h e  cont ro l  i s  s t a t i s t i c a l l y  r e l i a b l e  
day, however, t he re  i s  a gradual  normalization of t h e  number of  white  

(P < 9.091).  

- /34 

The e f f e c t  of acce le ra t ions  i s  not  r e f l e c t e d  appreciably i n  t h e  genera l  
condi t ion of t he  animals. D i r e c t l y  a f t e r  cen t r i fuga t ion  of experimental  guinea 
p igs ,  t he re  was decrease i n  genera l  motor a c t i v i t y ,  impairment of  coordinat ion 
of movements, and sometimes leaning of t h e  body t o  one s ide.  After 3-7 min a l l  
these  phenomena disappeared and t h e  animals d i d  no t  outwardly r evea l  devia t ions  
from normal. Thereaf te r ,  during the  e n t i r e  course of the  observat ions,  they  
d i f f e red  i n  no way from con t ro l  animals. The weight increased ( f i g .  9) without  
appreciable  d i f f e rences  from the  con t ro l  (P > 0.05). Such a t rend  was observed 
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Figure 7. Change i n  du ra t ion  of t h e  
a f t e r e f f e c t  of r eac t ion  t o  adequate 
v e s t i b u l a r  s t imula t ion  a f t e r  accel-  
e r a t i o n .  Along y-axis--duration of 
a f t e r e f f e c t  i n  re la t ive  u n i t s .  Other 
no ta t ions  same as i n  f i g u r e  1. 



Figure 8. Change i n  t h e  number of 
leukocytes i n  the  pe r iphe ra l  blood of 
animals a f t e r  acce lera t ion .  Along 
y-axis--number of leukocytes per  1 m3 
of blood i n  r e l a t i v e  u n i t s .  Other 
no ta t ions  same a s  i n  f i g u r e  1. 

Figure 9. Change i n  t h e  weight of 
animals a f t e r  acce lera t ion .  Along 
y-axis--weight of animals i n  r e l a -  
t i v e  u n i t s .  Other no ta t ions  same 
as i n  f i g u r e  1. 

i n  11 of the  experimental guinea p igs  i n  t h e  postexperimental  per iod.  
mal died during acce lera t ion ,  i nd ica t ing  the s u b s t a n t i a l  magnitude of t he  ac- 
ce l e ra t ion  used. It i s  of i n t e r e s t  t o  compare the  e f f e c t  of acce lera t ion ,  
v ibra t ion  and space f l i g h t  condi t ions on t h e  inves t iga ted  c h a r a c t e r i s t i c s  of 
the ves t ibu la r - ton ic  r e f l e x .  Figures  10-15 show t h e  simultaneous r e s u l t s  of 
acce lera t ion  and two o ther  previously inves t iga t ed  f a c t c r s  (Apanasenko, 1964a). 

One ani-  

All t h ree  f a c t o r s  cause a s t rong  increase  i n  the  spontaneous e l e c t r i c a l  

During v ib ra t ion  they  a re  somewhat 
a c t i v i t y  of t he  extensors  during r e s t  ( f i g .  10 ) .  
changes a re  l a rge ,  bu t  a r e  the  b r i e f e s t .  
l e s s e r  i n  magnitude, bu t  very prolonged. The changes occurr ing a f t e r  space 
f l i g h t  d i f f e r  with respec t  t o  dura t ion  and incomparably g r e a t e r  value. 
would appear t h a t  changes during space f l i g h t  a r e  t h e  r e s u l t  of the  summation 
of acce lera t ions  and v ibra t ion .  This resu l t  apparent ly  i s  f lmther  

During acce le ra t ion  the  

It 
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Figure 10. Comparative changes i n  t h e  
t o t a l  background e l e c t r i c a l  a c t i v i t y  of 
muscles of t he  hind l e g  of guinea p igs  
a f t e r  acce le ra t ion ,  v ib ra t ion  and space 
f l i g h t .  x-axis--time after accelera-  
t i o n ,  i n  days. y-axis--value of muscu- 
l a r  e l e c t r i c a l  a c t i v i t y  i n  r e l a t i v e  
un i t s .  0,  mean l e v e l  of b i o e l e c t r i c  
a c t i v i t y  of muscles p r i o r  t o  exposure; 
1, control ;  2, group of animals exposed 
t o  acce lera t ion ;  3, group of animals 
exposed t o  vibration;,  4, guinea p i g  i n  
the  f l i g h t  of t h e  4 th  o r b i t a l  spaceship.  

i n t e n s i f i e d  by o the r  space- f l igh t  f a c t o r s .  The electromyograms recorded during 
r e l a t i v e  r e s t  ( f i g .  11) demonstrate a c l e a r  grada t ion  of changes: a normal 
l e v e l  of spontaneous e l e c t r i c a l  a c t i v i t y  of t he  muscles before exposure, moder- 
a t e  increase of' a c t i v i t y  a f t e r  v ibra t ion ,  a s t i l l  s t ronger  increase  a f t e r  ac- 
ce l e ra t ion  and a very s t rong high-amplitude impulsation a f t e r  t h e  f l i g h t  of the  
fou r th  o r b i t a l  spacecraf t  ("Sputnik-7").  

During and i n  the  a f t e r e f f e c t  of r eac t ion  t o  adequate ves t ibu la r  stimula- 
t i on ,  the l e v e l  of muscular e l e c t r i c a l  a c t i v i t y  ( re la t ive  t o  the  background) 
va r i e s  l i t t l e  a f t e r  acce lera t ion ,  decreases somewhat a f t e r  v i b r a t i o n  and has a 
two-phase c h a r a c t e r i s t i c  of changes af ter  t h e  f l i g h t  ( f i g s .  1 2  and 13). The 
maximum value of t he  changes i n  these  cases  i s  observed a f t e r  the  f l i g h t .  The 
f i r s t  phase of the  p o s t f l i g h t  changes (decrease i n  t h e  b i o e l e c t r i c  a c t i v i t y  of 
the  inves t iga ted  muscles) i s  c lose  i n  form and value t o  t h e  e f f e c t  of v ibra t ion .  
The second phase ( increase  i n  myoelectr ical  a c t i v i t y )  can be a t t r i b u t e d  i n  p a r t  
t o  t h e  e f f e c t  of acce lera t ions ;  however, f o r  t he  most p a r t  it apparent ly  re -  
f l e c t s  t he  a f f e c t  of some o the r  f l i g h t  f a c t o r s  o r  t h e i r  combination. However, 
it i s  poss ib le  t h a t  t h e  increase  i n  t h e  background e l e c t r i c a l  a c t i v i t y  of 
the muscles on the  f i r s t  days a f t e r  t h e  f l i g h t  was so g r e a t  t h a t  it w a s  a t  the 
l i m i t  of t he  myoelectr ical  capacity.  I n  t h i s  case t h e  increase  i n  myoelectric 
a c t i v i t y  during and i n  the  a f t e r e f f e c t  of t h e  r e a c t i o n  t o  ves t ibu la r  s t imula t ion  
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Figure 11. Electromyograms of muscles 
of the  hind l e g  of a guinea p ig  i n  a 
s t a t e  of r e l a t i v e  rest. a,  p r i o r  t o  
exposure; b ,  a f t e r  v ibra t ion ;  e ,  a f t e r  
acce lera t ion ;  d ,  a f t e r  t he  f l i g h t  of 
the  fou r th  o r b i t a l  spacecraf t .  

Figure 12. Comparative changes i n  
t o t a l  e l e c t r i c a l  a c t i v i t y  of muscles 
of the hind leg  of guinea pigs  during 
adequate ves t ibu la r  s t imula t ion  a f t e r  
acce lera t ion ,  v ib ra t ion  and space 
f l i g h t .  
10. 

Notations same a s  i n  f i g u r e  
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Figure 13. Comparative changes i n  t o t a l  
e l e c t r i c a l  a c t i v i t y  of muscles of t he  
hind l e g  of guinea p igs  during the  a f -  
t e r e f f e c t  of r eac t ion  t o  adequate v e s t i -  
bu lar  s t imula t ion  a f t e r  acce lera t ion ,  
v ib ra t ion  and space f l i g h t .  Notations 
same a s  i n  f i g u r e  10. 

( r e l a t i v e  t o  the  s t rong ly  increased background) can be manifested only a f t e r  a 
decrease i n  the  l e v e l  of spontaneous e l e c t r i c a l  a c t i v i t y  t o  a c e r t a i n  value. 

The l a t e n t  period of myoelectric r eac t ion  t o  adequate ves t ibu la r  st imula- 
t i o n  undergoes two-phase changes a f t e r  acce lera t ion ,  decreases considerably 
a f t e r  v ibra t ion  and decreases very g r e a t l y  a f t e r  f l i g h t  ( f i g .  1 4 ) .  I n  the  
l a t t e r  case the  changes a re  most s i g n i f i c a n t ;  a s  f a r  as  spontaneous e l e c t r i c a l  
a c t i v i t y  of the  muscles i s  concerned, t he re  i s  a p o s s i b i l i t y  of the  p a r t i a l  
summation of the  e f f e c t s  of v ib ra t ions  and acce lera t ions  i n  the  f i rs t  period 
a f t e r  exposure. Thereaf te r  t he  e f f e c t  of acce lera t ion  completely d i f f e r s  /38 
from the  e f f e c t  of t h e  f l i g h t .  According t o  t rend and dura t ion  of the  changes, 
the  e f f e c t  of space f l i g h t  i s  more s imi l a r  t o  the e f f e c t  of v ib ra t ion  than t o  
the  e f f e c t  of acce lera t ion .  

Approximately the same r e l a t i o n s  apply t o  the  durat ion of t he  a f t e r e f f e c t  
of the inves t iga ted  ves t ibu la r - ton ic  r eac t ion  ( f i g s .  15 and 16) .  After  vibra-  
t i o n  o r  f l i g h t  t h i s  index increases  considerably,  and a f t e r  acce le ra t ion  it 
changes i n  a wavelike fash ion  passing through the  zero l e v e l .  Relat ive t o  
magnitude, d i r e c t i o n  and durat ion,  p o s t f l i g h t  changes a r e  more s imi l a r  t o  
changes a f t e r  v ibra t ion .  The f l i g h t  e f f e c t  i s  character ized by g r e a t  i n s t a b i l -  

v ibra t ion ,  then f a i l  t o  equal it. This phenomenon can be a t t r i b u t e d  i n  p a r t  t o  
the  f a c t  t h a t  i n  t h i s  case we a re  no t  deal ing with mean da ta  from a group, bu t  
with ind iv idua l  da t a  from one animal. 

i t y :  t he  magnitudes of changes f i rs t  considerably exceed the  e f f e c t  of /39 

Thus, on the b a s i s  o f  a l l  inves t iga ted  ind ices ,  t h e  e f f e c t  of space f l i g h t  
exceeds the  e f f e c t  of both acce le ra t ion  and v ibra t ion .  
changes seem t o  be the  r e s u l t  of a summation of t he  e f f e c t s  of v ib ra t ion  and 
acce lera t ions .  

Sometimes the  p o s t f l i g h t  

Relat ive t o  the  t rend  and dura t ion  of t h e  changes, t he re  i s  a g r e a t e r  
s i m i l a r i t y  between the e f f e c t s  of space f l i g h t  and v ib ra t ion  than  between the  
e f f e c t s  of space f l i g h t  and acce le ra t ion .  
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Figure 14. Comparative changes i n  dur- 
a t i o n  of t he  l a t e n t  period of r eac t ion  
t o  adequate ves t ibu la r  s t imula t ion  a f t e r  
acce le ra t ion ,  v ib ra t ion  and space f l i g h t .  
y-axis--value of l a t e n t  period i n  r e l a -  
t i v e  u n i t s .  Other no ta t ions  same a s  i n  
f i g u r e  10. 
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Figure 15. Comparative changes i n  dur- 
a t i o n  of t he  a f t e r e f f e c t  of r eac t ion  t o  
adequate ves t ibu la r  s t imu la t ion  a f t e r  
acce lera t ion ,  v ib ra t ion  and space 
f l i g h t .  Along y-axis- idurat ion of a f -  
t e r e f f e c t  i n  r e l a t i v e  u n i t s .  Other ' 
nota t ions  same as  i n  f i g u r e  10. 

Conclusion 
i 

The increase  i n  spontaneous b i o e l e c t r i c  a c t i v i t y  of extensors  a f t e r  expo- i 
sure t o  acce lera t ions ,  observed i n  our experiments f u l l y  agrees with da t a  i n  the  / 

34 



160 - 
io0 
!20 - 

!30 
.!O 
53 
40 
20 

- 

- 

- 
- 
- 

t z 3 a  

Figure 16. Diagram of values of t h e  
durat ion of t h e  a f t e r e f f e c t  of reac- 
t i o n  t o  adequate ves t ibu la r  stimula- 
t i o n  during t h e  e n t i r e  period a f t e r  
acce lera t ion ,  v ib ra t ion  and space 
f l i g h t  i n  percent  of mean i n i t i a l  
l e v e l  before  exposure. 1, Control; 
2, v ibra t ion ;  3, accelerat ion;  4, 
space f l i g h t .  y-axis--duration of 
the  a f t e r e f f e c t  of ves t ibu la r  reac- 
t i o n  f o r  t he  period a f t e r  exposure, 
i n  percent of mean i n i t i a l  l e v e l  
p r i o r  t o  exposure. 

l i t e r a t u r e  (Babushkin e t  a l . ,  1961; Barer,  1962b; Barer e t  a l . ,  1963; Kotov- 
skaya e t  a l . ,  1962; Marukhanyan e t  a l . ,  1962; Yuganov e t  a l . ,  1963). 
t r a s t  t o  t he  l a t t e r ,  i n  t h i s  s tudy an inves t iga t ion  was made of a more 
prolonged a f t e r e f f e c t  period. 
i t y ,  accompanied by an increase i n  muscle tonus, u sua l ly  i s  considered t o  be a ,  
compensatory phenomenon associated wi th  the  e f f e c t  of acce lera t ions  (Barer, 
1962b; Marukhanyan e t  a l . ,  1962; Yuganov e t  a l . ,  1963). 
study make it possible  t o  surmise t h a t  t he  increased l e v e l  of e l e c t r i c a l  a c t i v -  
i t y  of the  extensors i s  caused not only by an i n t e n s i f i e d  f l u x  of a f f e r e n t  i m -  
pu lsa t ion  from the  proprio- and baroceptors (Babushkin e t  a l . ,  1961; Marukhanyan 
e t  a l . ,  1962) v ia  t h e  r e t i c u l a r  formation i n  the  cerebra l  cor tex (Izosimov and 
Razumeyev, 1962), bu t  a l s o  by ves t ibu la r  a t tenuat ion .  

In  con- 

The increase i n  the  l e v e l  of myoelectric ac t iv -  

The r e s u l t s  of t h i s  

I n  a l l  p robab i l i t y  it i s  t h e  o t o l i t h s  which s p e c i f i c a l l y  p a r t i c i p a t e  i n  the  
formation of the  myoelectric r eac t ion  t o  acce lera t ions .  I n  p a r t i c u l a r ,  it was 
es tab l i shed  long ago (Magnus, 1924) t h a t  ves t ibu la r  inf luences on t h e  tonus of 
t he  extensors  i s  exerted f o r  t he  most p a r t  from the  u t r i c l u s .  Since the  p a r t i -  
c ipa t ion  of the  ves t ibu la r  apparatus i n  the ton ic  s t r e s s  of t h e  s k e l e t a l  muscles 
during acce lera t ions  may be considered as  demonstrated (Yuganov e t  a l . ,  l963), 
it i s  the  o t o l i t h s  which should perform t h i s  function. A n  i n d i r e c t  confirmation 
of t h i s  may be the  change i n  electromyographic parameters during s p e c i f i c  stimu- 
l a t i o n  of t he  o t o l i t h i c  p a r t  of t h e  ves t ibu la r  apparatus under t h e  inf luence of 
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acce lera t ions ,  which was noted during our study. Thus, an increase  i n  t o n i c  
s t r e s s  of muscles during acce lera t ions  apparent ly  takes  place v i a  systems of 
the motor and ves t ibu la r  ( i t s  o t o l i t h i c  component) analyzers .  

The in s ign i f i can t ,  but  very s t a b l e  and prolonged decrease of the  /40 
spontaneous e l e c t r i c a l  a c t i v i t y  of the  muscles which we inves t iga ted ,  appearing 
on the seventh day a f t e r  exposure, apparent ly  cha rac t e r i zes  the  per iod of 
r e s t o r a t i o n  a f t e r  s t rong ton ic  stress on t h e  days of acce lera t ion .  

The absence of s i g n i f i c a n t  changes i n  the  l e v e l  of b i o e l e c t r i c  a c t i v i t y  of 
the muscles during and i n  the  a f t e r e f f e c t  of t he  r eac t ion  to cont ro l led  v e s t i -  
bu lar  s t imula t ion  can i n  a l l  p robab i l i t y  be a t t r i b u t e d  t o  the  f a c t  t h a t  devel- 
oping acce lera t ions  s t imula te  t h e  o t o l i t h s  but  a r e  not  s t r i c t l y  adequate. 

Such acce le ra t ions  a r e  f o r  t h e  most p a r t  t ransmi t ted  t o  the  semicircular  
canals where a change i n  s e n s i t i v i t y  during acce le ra t ion  has been observed by a 
number of authors  (Kurashvili ,  1962; Evans e t  a l . ,  1962; Cramer e t  a l . ,  1963; 
Winget e t  al., 1962; Shabalin, 1961; Bruce, Barr ,  1963, and o t h e r s ) .  

In  t h i s  connection, f o r  example, v ibra t ion ,  being a st imulus which i s  more 
adequate t o  the  o t o l i t h s ,  changes the  muscular e l e c t r i c a l  a c t i v i t y  t o  a g r e a t e r  
ex ten t  during and i n  the a f t e r e f f e c t  of the  r eac t ion  t o  cont ro l led  ves t ibu la r  
s t imula t ion  than acce le ra t ion .  Some decrease i n  the  myoelectric r eac t ion  t o  
adequate s t imula t ion  of the  o t o l i t h s  i n  the  f i r s t  period (f irst  f i v e  days i n  
o m  experiments) can be a t t r i b u t e d  t o  negat ive induct ion from systems stimu- 
l a t ed  t o  compensate the  harmful e f f e c t  of acce le ra t ions  ( f o r  example, r e sp i r a -  
t i on ,  blood supply, tonus of s k e l e t a l  muscles).  
mechanism i s  pointed ou t  by M. P. Bres tk in  (1958) i n  explaining the  i n h i b i t i o n  
of alimentary r e f l exes  during considerable acce le ra t ions .  

The p o s s i b i l i t y  of such a 

I n  addi t ion ,  we f e e l  t h a t  r e l a t i o n s  may occur here,  s imi l a r  t o  those ob- 
served i n  human sub jec t s  by E. V. Marukhanyan and h i s  a s soc ia t e s  (1962). During 
acce lera t ions ,  t he re  was d i s rup t ion  of the  c a p a b i l i t y  f o r  adequate eva lua t ion  of 
a l i f t e d  weight; the  weight u sua l ly  was underestimated. The authors f e e l  t h a t  
aga ins t  t he  background of muscle s t r e s s  which i s  increased during acce lera t ions ,  
the  e f f o r t  of l i f t i n g  a weight becomes i n s i g n i f i c a n t .  S imi la r ly ,  add i t iona l  
control led ves t ibu la r  s t imula t ion  can become less e f f e c t i v e ,  considering the  
already elevated background e l e c t r i c a l  a c t i v i t y  of t he  extensors .  

This hypothesis appears a l l  t he  more probable, s ince ,  a s  a l ready  mentioned 
above, the r eac t ion  t o  experimental o s c i l l a t i o n  i s  r e l a t e d  t o  the  l e v e l  of 
myoelectr ical  a c t i v i t y  a t  r e s t .  I n  absolute  values,  d i s regard ing  background, on 
the  f irst  days after acce le ra t ion  t h i s  r eac t ion  i s  increased ( f ig s .  4 and 5 ) .  

Defini te  d i f f i c u l t i e s  are involved i n  an ana lys i s  of t he  considerable 
changes i n  the  value of the  l a t e n t  period of r eac t ion  t o  adequate ves t ibu la r  
s t imulat ion.  The very s t rong  decrease i n  the  l a t e n t  period on days of acce ler -  
a t ion  may be evidence of increased e x c i t a b i l i t y  of s t r u c t u r e s  of t h e  
ves t ibu la r  analyzer .  An increase i n  mobi l i ty  of the  synapt ic  formations of t he  
cen t r a l  component of the analyzer is  a l s o  extremely probable. 
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t o  t he  increased e x c i t a b i l i t y  of the  
of angular acce le ra t ions  (Shabalin, 
change i n  the  func t iona l  s t a t e  of the  

The l i t e r a t u r e  contains  re ferences  
ves t ibu lar  analyzer under the inf luence 
1961; Winget, Smith, Kelly, 1962).  
ves t ibu la r  analyzer  i s  a l s o  shown t o  a c e r t a i n  degree by an increase  of t o n i c  
s t r e s s  i n  s k e l e t a l  muscles (Yuganov e t  a l . ,  1963). 
the influence of acce lera t ions ,  t he  func t iona l  i n t e r r e l a t i o n s  of s t imula t ing  
and i n h i b i t i n g  processes i n  the  cortex and subcortex a r e  d is rupted .  The 
predominance of one nerve process or the  o the r  i s  determined by the  magnitude 
and durat ion of t he  e f f e c t  of acce le ra t ions  and apparent ly  a l s o  by a number of 
o ther  f a c t o r s  (Belay, Vasi l 'yev,  Kolchin, 1964). 

The 

It i s  a l s o  known t h a t  under 

Nevertheless,  t he  r e s u l t s  of many inves t iga t ions  permit US t o  assume t h a t  
i n  the f i rs t  period, i n h i b i t i o n  processes  a r e  d is rupted  and e x c i t a t i o n  pre- 
dominates i n  the  cortex,  l a t e r  replaced by in t ense  i n h i b i t i o n  (Barer, Golov e t  
a l . ,  1963; Belay e t  a l . ,  1964; Izosimov and Razumeyev, 1960; Savin, 1957). 
Thus, the e x c i t a b i l i t y  of the  ves t ibu la r  analyzer i n  the  i n i t i a l  period a f t e r  
acce le ra t ion  apparent ly  i s  increased. Ya. A. Vinnikov, 0. G. Gazenko e t  a l .  
(1963) observed i n  t h e  u t r i c u l a r  apparatus of d i f f e r e n t  kinds of animals a 
combination of histochemical changes ind ica t ing  t h e  e x c i t a t i o n  of t h i s  organ 
a f t e r  exposure t o  acce lera t ions .  

In  addi t ion ,  the  almost mir ror - l ike  s i m i l a r i t y  of curves r e f l e c t i n g  the  
change i n  spontaneous myoelectric a c t i v i t y  and the  l a t e n t  per iod of t he  reac-  
t i o n  t o  experimental  ves t ibu la r  s t imula t ion  suggests t h a t  t he  decrease i n  t h e  
l a t e n t  period of t h i s  r eac t ion  may be p a r t l y  r e l a t e d  t o  the  exc i ted  s t a t e  of 
e f f e c t o r  muscles or motor cen te r s .  High tonus neuromuscular s t r u c t u r e s  ensure 
rapid r eac t ion  of the e f f e c t o r  of t he  ves t ibu lar - ton ic  r e f l ex ;  t he  l a t e n t  
period of response t o  ves t ibu la r  s t imula t ion  i s  shortened; however, the  degree 
of t h i s  response may remain unchanged. I n  addi t ion ,  t he re  probably i s  a l s o  an 
increase of the func t iona l  mobi l i ty  of t he  ce reb ra l  systems (Barer, Golov e t  
a l . ,  1963). If t h i s  hypothesis i s  co r rec t ,  the  second phase of the change i n  
the l a t e n t  period of r eac t ion  t o  the  t e s t i n g  o s c i l l a t i o n  could be r e l a t e d  to :  
( a )  a r e s t o r a t i v e  s tage  ( four  s tages ,  according t o  Barer ,  1962a,b) and ( b )  t he  
response of the body t o  ex te rna l  f a c t o r s .  
neuromuscular s t r u c t u r e s  a t  t h i s  time is  g r e a t l y  decreased and the  mobil i ty  of 
the func t iona l  systems of the b r a i n  i s  l imi ted .  I n h i b i t i o n  processes may pre- 
dominate i n  the  cortex as  a r e s u l t  of overs t resses  (Barer, Golov e t  a l . ,  1963; 
Belay e t  a l . ,  1964; Izosimov and Razumeyev, 1960; Kislyakov, 1956, 1958). /42 
The l a t e n t  period of the  inves t iga ted  ves t ibu la r - ton ic  r eac t ion  i s  considerably 
increased.  
decreased a t  t h i s  t i m e .  
a t t r i b u t e d  t o  the  spec ies  makeup of the  guinea p igs ,  whose s e n s i t i v i t y  t o  ac- 
ce l e ra t ions  i s  i n  genera l  character ized by c e r t a i n  p e c u l i a r i t i e s  ( S i r o t i n i n ,  

The e x c i t a b i l i t y  of t he  e f f e c t o r  

The background e l e c t r i c a l  a c t i v i t y  of t h e  ex tensors  i s  s l i g h t l y  
The long dura t ion  of the  r e s t o r a t i o n  s t age  can be 

1961). 

The dura t ion  of t he  a f t e r e f f e c t  of t he  inves t iga ted  ves t ibu la r - ton ic  re- 
ac t ion  does not  revea l  s i g n i f i c a n t  changes. 
e t e r  during t h e  f i r s t  t h r e e  days apparent ly  r e f l e c t s  a s t a t e  of  i nc rease3  
e x c i t a b i l i t y  of t he  ves t ibu la r  apparatus  and neuromuscular s t r u c t u r e s .  

A c e r t a i n  increase  i n  t h i s  arm- 

In  our experiments, by t h e  23th or 30th days a f t e r  the  f irst  acce le ra t ion  
according t o  a number of ind ices  (myoelectric a c t i v i t y  a t  r e s t ,  during and a f t e r  
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ves t ibu la r  s t imula t ion) ,  t h e r e  w a s  an i n s i g n i f i c a n t  increase  i n  changes com- 
pared t o  the  preceding per iod of almost t o t a l  normalization. The phenomenon 
was apparent ly  r e l a t e d  t o  the  wavelike cha rac t e r  of the  course of t he  r e s to ra -  
t i o n  period. S imi la r  r e l a t i o n s  w e r e  observed by A. A. Barer (1962a,b). The 
author notes  an i n t e n s i f i c a t i o n  of d i s rup t ions  of conditioned r e f l e x  a c t i v i t y  
i n  r a t s  from the  22nd-23th up to t he  32nd day a f t e r  exposure. There was a 
r e l a t i v e l y  s l i g h t  r e s i s t ance  on t h e  p a r t  of t he  guinea p igs  t o  the  acce le ra t ions  
employed. 
i s  a h ighly  e f f e c t i v e  agent. 
during acce lera t ion .  Nevertheless,  the condi t ion of a l l  remaining animals was 
completely normal during the  e n t i r e  period of the  inves t iga t ion .  Some disrup- 
t i o n  of coordinat ion of movements disappeared completely a f t e r  2-5 min. 

Eight exposures t o  acce le ra t ion  or  a r a t h e r  prolonged acce le ra t ion  
This i s  a l s o  ind ica ted  by the  death of one animal 

The changes i n  electromyographic ind ices  w e r e  a l s o  r e l a t i v e l y  small and 
b r i e f  (except f o r  changes i n  the l a t e n t  pe r iod ) .  

It can be assumed t h a t  acce le ra t ion  causes smaller  changes i n  the func- 
t i o n a l  s t a t e  of t he  o t o l i t h i c  apparatus than  does v ibra t ion ,  which would appear 
t o  be a l e s s  harmful agent.  

Comparison of t h e  r e s u l t s  of a f l i g h t  experiment and the i so l a t ed  e f f e c t s  
of dynamic f a c t o r s  makes it poss ib le  t o  a s s e r t  t h a t  t h e  e f f e c t  of space f l i g h t  
on the  myoelectric c h a r a c t e r i s t i c s  of the  ves t ibu la r - ton ic  r e f l e x  i s  not  r e -  
produced by acce le ra t ion  o r  v ibra t ion .  
invest igated ind ices ,  exceed t h e  e f f e c t s  of these  f ac to r s .  I n  some cases the 
f l i g h t  e f f e c t  i s  seemingly the  r e s u l t  of a summation of t h e  b r i e f  e f f e c t s  of 
acce lera t ion  and the  e f f e c t s  of v ib ra t ion  (background e l e c t r i c a l  a c t i v i t y ,  
l a t e n t  period of the  ves t ibu la r - ton ic  r eac t ion ) ,  which a re  somewhat l e s s  i n  
magnitude but  p e r s i s t e n t .  Natural ly ,  t h i s  no t ion  i s  very s impl i f ied  and incom- 
p l e t e .  Under f l i g h t  conditions a major r o l e  i s  played by a whole series of /43 
o ther  f a c t o r s  i n  add i t ion  t o  v ib ra t ion  and acce lera t ions .  
wel l  known t h a t  during the  combined e f f e c t  of a number of f a c t o r s ,  each of them 
may appreciably a l t e r  t he  e f f ec t iveness  of t he  o the r .  However, t h e r e  a re  some 
bases f o r  not ing t h a t  r e l a t i v e  t o  t h e  t rend and dura t ion  of the  e f f e c t s ,  the  
e f f e c t  of space f l i g h t  is  more similar t o  the  e f f e c t  of v ib ra t ion  than t o  t h e  
e f f e c t  of acce lera t ion .  

P o s t f l i g h t  changes, wi th  respec t  t o  a l l  

- 
I n  addi t ion ,  it i s  

Summary 

1. Double exposure of guinea p igs  t o  acce le ra t ion  ("back-chest" d i r ec t ion ,  
8 g, 15 min) caused a s t rong,  but  r e l a t i v e l y  b r i e f  (day of exposure and the  f o l -  
lowing day) increase  i n  the  b i o e l e c t r i c  a c t i v i t y  of hind l e g  extensors .  

2. The l e v e l  of e l e c t r i c a l  a c t i v i t y  of t he  inves t iga ted  muscles during 
and i n  the a f t e r e f f e c t  of the  r eac t ion  t o  adequate ves t ibu la r  s t imula t ion  ( r e l a -  
t i v e  t o  the  background e l e c t r i c a l  a c t i v i t y  of the  muscles) remains almost un- 
changed a f t e r  exposure t o  acce lera t ions .  

3. The l a t e n t  period of t h i s  r eac t ion  undergoes considerable two-phase 
changes under the  inf luence of acce lera t ions .  On the  days of acce le ra t ion  the  B 

!j 
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l ength  of the  l a t e n t  period i s  decreased sharply,  then  it gradual ly  r e tu rns  t o  
normal and a f t e r  the  t e n t h  day, increases  appreciably.  

4. The dura t ion  of t h e  a f t e r e f f e c t  of the  inves t iga ted  ves t ibu la r - ton ic  
r eac t ion  revea ls  moderate wavelike o s c i l l a t i o n s  a t  about t he  zero l e v e l  a f t e r  
exposure t o  acce lera t ions .  

5 .  The myoelectric c h a r a c t e r i s t i c s  of t he  ves t ibu la r - ton ic  reflex change 
more b r i e f l y  under the  inf luence of acce le ra t ion  and i n  some cases  t o  a l e s s e r  
degree than a f t e r  v ib ra t ion ,  which f o r  the  o t o l i t h i c  apparatus i s  a more ade- 
quate st imulus.  

6.  The acce lera t ions  used have exerted no subsequent s i g n i f i c a n t  e f f e c t  
on the  general  condi t ion and behavior of the  surviving (one d ied)  animals. 
Yeight increased normally; the inves t iga t ion  of t h e  pe r iphe ra l  blood revealed 
i n s i g n i f i c a n t  leukocytosis .  

7. Comparison of t he  i so l a t ed  e f f e c t s  of dynamic f a c t o r s  and space f l i g h t  
condi t ions shows a g r e a t e r  t rend  and dura t ion  s i m i l a r i t y  between space f l i g h t  
and v ib ra t ion  than between space f l i g h t  and acce lera t ion .  
ind ices ,  t he  f l i g h t  e f f e c t s  a r e  seemingly the  r e s u l t  of a summation of t h e  e f -  
f e c t s  of v ib ra t ion  and acce lera t ion .  Neither v ibra t ion  nor acce le ra t ion  com- 
p l e t e l y  reproduce the  e f f e c t s  of space f l i g h t .  

According t o  some 
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EFFECT OF MULTIPLE EXPOSURE TO VIBRATION ON THE FUNCTIONAL 
STATE OF THE SPINAL REFLEX ARC 

M. A.  Kuznetsova 

ABSTRACT 

Guinea p igs  were exposed t o  whole-body v e r t i c a l  v i -  
b ra t ion  10 t i m e s  i n  t h e  course of 16 days (70 cps, 0.4 m, 
1.5 min).  
ing v ib ra t ion  s tand.  

t he  defensive f l e x o r  r e f l e x  a r c .  

l a t e n t  per iod  dura t ion  and changes i n  t h e  i n t e n s i t y  of  
th reshold  e l e c t r i c a l  s t imulus.  

I n  t h e  f i r s t  p a r t  o f  t h e  per iod  of exposure t o  vibra-  
t i o n  t h e r e  w a s  a cumulation of  v ib ra t ion  e f f e c t s .  I n  the  
second p a r t  of  t h i s  per iod r e f l e x  a c t i v i t y  tended t o  i m -  
prove. A succession o f  pa rab io t i c  phases takes  p lace  i n  
the  r e f l e x  a r c  inves t iga ted .  This i s  ind ica t ive  of  a 
t r a n s f e r  from higher  t o  lower i n h i b i t i o n .  This phenomenon 
i s  thought t o  be evidence of  incomplete adapta t ion  t o  
v ib ra t ion .  

of  t h e  con t ro l  animals. These changes d i f f e r e d  g r e a t l y  
from those i n  the  experimental  animals. 

The con t ro l  animals were placed near an opera t -  

Exposure t o  v ib ra t ion  caused pa rab io t i c  phenomena i n  

An inverse c o r r e l a t i o n  w a s  noted between changes i n  

Vibrat ion s tand noise caused changes i n  the r e f l exes  

The ever- increasing use i n  modern technology of  equipment with a l a r g e  
number of revolu t ions  and impacts and with a high frequency of  o s c i l l a t i o n s ,  
as w e l l  as t h e  vigorous development of  a v i a t i o n  and cosmonautics, m a k e s  it 
f u l l y  understandable why researchers  are showing such i n t e r e s t  i n  the  mult iple  
e f f e c t s  of v ibra t ion .  Numerous c l i n i c a l  i nves t iga t ions  have shown t h a t  pro- 
longed contact  with a source of  v ib ra t ion  l e a d s  t o  the  development of  s e r ious  
i l l n e s s ,  i n  which a l l  organs and systems s u f f e r  without exception. Consider- 
ing the  present  s t a t u s  of  i nves t iga t ions  of t he  pathology of  v ib ra t ion  s i ck -  
ness, it becomes obvious t h a t  i n j u r y  t o  t h e  nervous system i s  not  only i t s  
only leading  symptom, but  a l s o  the  p r i n c i p a l  cause of  t o t a l  i l l n e s s .  

The school of Y e .  T s .  Andreyeva-Galanina, whose s tud ie s  f o r  t he  most p a r t  
t 
2 

have been concerned with the  pathogenesis of  t h i s  i l l n e s s ,  advances t h e  
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hypothesis t h a t  t h e  development of v i b r a t i o n  s ickness  i s  caused by the  develop- 
ment of a pa rab io t i c  condi t ion  i n  nervous system centers ,  e s p e c i a l l y  i n  the  
s p i n a l  cord.  The b a s i s  f o r  such an assumption are inves t iga t ions  which ind i -  
ca t e  t h a t  d u r i n g l o w i n t e n s i t y  v i b r a t i o n s  or i n  t he  case o f  a s u f f i c i e n t l y  
s t rong  nervous system , r e l a t i v e l y  r e s i s t a n t  t o  such v ib ra t ions ,  an exc i to ry  
process of c e r t a i n  i n t e n s i t y  w i l l  develop i n  d i f f e r e n t  p a r t s  of the nervous 
system. This w a s  discovered during inves t iga t ions  of t he  neuromuscular appara- 
t u s  and t h e  motor analyzer  (Shcherbak, 1903a, b; Saltykovskiy,  1927; Goldmann, 
1948; Terent 'yev,  1958; Donskaya and Stoma, 1960; Drogichina e t  al., 1961), of 
t he  ves t ibu la r  analyzer  (Borshchevskiy e t  al., 195813; Usenko, 1961; Apanasenko, 
1964a), of t he  autonomic nervous system (Borshchevskiy e t  al., 1963) and a l s o  
i n  conditioned ref lex and encephalographic inves t iga t ions  (Butkovskaya, 1931; 
Butkovskaya, Koryukayev, 1963) . 

With an i n t e n s i f i c a t i o n  of v i b r a t i o n  stimulus or with  an increase  i n  
i t s  durat ion,  t h e r e  i s  an increase  of  t h e  s t imu la t ion  process a long with the  
formation of centers  of s t agna t ion  (Mel'kumova, 1960; Rumyantsev, 1961; Arta- 
monova, 1964), and t r a n s i t i o n  t o  a s ta te  of i n h i b i t i o n  (Mogendovich, 1961; 
Tartakovskaya, 1964). I n  such cases  it i s  o f t e n  poss ib le  t o  observe phase 
phenomena. With respec t  t o  the  c e r e b r a l  co r t ex  they  are considered t o  be the  
r e s u l t  of the  development of p r o t e c t i v e  i n h i b i t i o n  (Butkovskaya, 1957a, b; 
Zuyev, 1960; Butkovskaya, Koryukayev, 1963; Karchmazh, 1962) .  For the  lower 
p a r t s  of the  c e n t r a l  nervous system t h e  phase s ta te  i s  considered by most i n -  
ves t iga to r s  t o  be t h e  result of development of pa rab ios i s  (Sazon-Yaroshevich, 
1956; Pavlova, 1958; Kovalevich, 1960; Mel'kumova, 1960; Drogichina, 1961; 
Abramovich-Polyakov, 1962; Madorskiy, 1963; Stoma, 1963, 1964) . 

/46 

These phenomena are observed i n  many p a r t s  of t he  CNS, but  are manifested 
with p a r t i c u l a r  c l a r i t y  i n  i n v e s t i g a t i o n s  of t h e  neuromuscular and motor ana- 
l y z e r s .  The p o s s i b i l i t y  of adapta t ion  t o  such a harmful agent i s  of d e f i n i t e  
i n t e r e s t ,  e spec ia l ly  s ince  t h e r e  are ind ica t ions  i n  t h e  l i t e ra ture  t h a t  even 
b r i e f  exposure t o  whole -body v i b r a t i o n  with r e l a t i v e l y  low parameters i s  capa- 
b l e  c$ 
1964a; Kuznetsova, 1964a). 
f o r  adaptat ion,  i t s  p o s s i b i l i t i e s  and l i m i t s  and t h e  mechanisms which govern 
it. 

inducing considerable  and prolonged impairments of t he  CNS (Apanasenko. 
The problem arises as t o  the  optimal condi t ions 

U n t i l  now only a l imi t ed  number of i nves t iga t ions  have been devoted t o  
t h i s  problem. There are s t u d i e s  ind ica t ing  a decrease of unpleasant sensa t ions  
and autonomic d i s rup t ions  during prolonged or repeated exposures t o  v i b r a t i o n  

(Cb'rmann, 1940; Kulikovskiy, 1939; Croce', 1948; Butkovskaya, 1939). 
g r e a t e s t  number of s t u d i e s  i n d i c a t i n g  adapta t ion  t o  repeated exposure t o  v ibra-  
t i o n  are devoted t o  higher  nervous a c t i v i t y  and' t h e  b i o e l e c t r i c  a c t i v i t y  of 
t h e  b r a i n  (Mikheyeva, 1-93?; Skachedub, 1957; Butkovskaya, 1951; Gurovskiy, 
1959; Terent 'yev, 1958; Karchmazh, 1962; Artamonova, 1963). It fol lows from 
these  s t u d i e s  t h a t  for adapta t ion  t o  occur, t h e  v i b r a t i o n  stimulus should cause 

The 

1 
Published i n  I .  Y a .  Borshchevskiy e t  al.,  1963. 
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changes of  d e f i n i t e  i n t e n s i t y  i n  t h e  CNS, t h a t  i s ,  it should not  be very w e a k  
(Gurovskiy, 1959), but  n e i t h e r  should it be except iona l ly  s t rong  (Butkovskaya, 
1951; Borshchevskiy, Koreshkov e t  al., 1958b; Gorbachevskiy, 1959). The poss i -  
b i l i t y  of  adapta t ion  is  a l s o  determined by t h e  i n i t i a l  func t iona l  state and 
type of nervous system ( Andreyeva-Galanina and Lebedeva, 1931; Mekheyeva, 1955; 
Skachedub, 1957). The occurrence of adapta t ion  f requent ly  i s  preceded by a 
cumulation of d i s rup t ions  caused by i n i t i a l  exposures t o  v ib ra t ion  (Gurovskiy, 

Other s t u d i e s  have been made i n  which a t t enua t ion  of t h e  e f f e c t  
w a s  not observed with repeated exposure. 
1959). - /47 

There have been very f e w  s t u d i e s  devoted t o  an i nves t iga t ion  of t h e  motor 
analyzer  and neuromuscular apparatus i n  which t h e  adapta t ion  phenomenon i s  ob- 
served. Most authors ,  using a mul t ip le  v ib ra t ion  s t imulus,  say nothing a t  a l l  
about t he  dynamics of d i s rup t ions  and d iscuss  only t h e  f i n a l  r e s u l t s .  Some 
inves t iga to r s  s ta te  t h a t  t h e r e  i s  no adapta t ion  i n  t h e  absence of  support ing 
experimental d a t a  (Minetskiy, 1960; Stoma, 1964). 

The purpose o f  our s tudy w a s  t o  t r a c e  t h e  dynamics of  changes i n  the  func- 
t i o n a l  s ta te  of  t h e  defensive motor r e f l e x  a rc  during mul t ip le  exposure t o  whole- 
body v e r t i c a l  v ib ra t ion .  

Method 

The experiment w a s  conducted on 1 4  m a l e  guinea p igs ,  weighing 350-500 g, 
divided i n t o  two groups. One group of  animals w a s  subjec ted  t o  v ib ra t ion  t e n  
times; t h i s  w a s  done i n  f i v e  series wi th  two v ib ra t ions  per  series.  The i n t e r -  
v a l  between each exposure w a s  one day. The i n t e r v a l s  between p a i r s  of expo- 
su res  t o  v ib ra t ion  were two-three days. Vibrat ion w a s  v e r t i c a l  with a frequen- 
cy of 70 cps, amplitude of  0.4 mm and a dura t ion  of15 min. 
animals served as con t ro l  and w a s  exposed t o  noise  from an operat ing v ib ra t ion  
s tand (about 75 dB ). 

Another group of 

A s  ind ices  of t h e  func t iona l  s ta te  of  t he  inves t iga t ed  r e f l e x  a r c  we se- 
l e c t e d  t h e  threshold  of s t imula t ion  and t h e  l a t e n t  per iod of the  unconditioned 
defensive motor r eac t ion .  The recording of t h e  l a t e n t  per iod w a s  accomplished 
with an accuracy up t o  0.5 m/sec, using a method a l ready  descr ibed (Kuznetsova, 
1964a). 
70 cps with th ree  grada t ions  w a s  used as a pa in  stimulus. I n  order  t o  exclude 
the  inf luence of abrupt changes of t h e  thresholds  on t h e  value of t h e  r e f l e x  
responses, we used s t i m u l i  of  constant  phys io logica l  i n t e n s i t y ,  

An a l t e r n a t i n g  cur ren t  from a sonic  genera tor  with a frequency of 

1. Weak stimulus,  always equal  t o  t h r e e  t i m e s  t h e  threshold  value.  

2. Intermediate  st imulus,  always. equal  t o  the  threshold  value mul t ip l ied  
by 6. 

3. Strong stimulus,  always equal  t o  t h e  threshold  value mul t ip l ied  by 10 
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I n  a l l  cases the  dura t ion  of t h e  s t imula t ing  impulse w a s  0.03 sec.  /48 
The following procedures were followed i n  the  experiment. 

1. Determination of t he  threshold.  

2. Determination of t he  l a t e n t  per iod of t he  r e f l e x  t o  a weak stimulus 
( t h r e e  measurements). 

3. Checking the  threshold  value.  

4. Determination of t he  l a t e n t  period of t he  r e f l e x  t o  a s t i m u l u s  of i n -  
termediate i n t e n s i t y  ( t h r e e  measurements). 

5. Checking the  threshold  value.  

6. Determination of t he  l a t e n t  period of the  r e f l e x  t o  a s t rong stimulus 
( t w o  measurements). 

After  the  normal l i m i t s  of  f l uc tua t ions  of t he  inves t iga ted  parameters 
(4-5 experiments) were es tab l i shed  (two weeks), t he  animals were exposed t o  
v ibra t ion .  

For convenience, w e  w i l l  henceforth use t h e  term "vibrat ion per iod" f o r  
the  period during which t h e  a n i m a l s  w e r e  exposed t o  v ib ra t ion .  Inves t iga t ions  
of the animals were made on the  2nd, 4th,  6th,  8th,  gth,  and 10th  days of ex- 
posure t o  v ibra t ion .  

The period o f  observations a f t e r  terminat ion of exposure t o  v ib ra t ion  w i l l  
henceforth be ca l l ed  the  pos tv ibra t ion  per iod.  Observations w e r e  made on the  
l s t ,  3rd, 5th,  8th,  l o t h ,  13 th  and 18th  days. An i nves t iga t ion  of these  para- 
meters was accompanied by examinations of  t h e  pe r iphe ra l  blood, weight and 
physiological  condi t ion of t h e  animals. 

For comparison of the  r e s u l t s  obtained f o r  groups of a n i m a l s  with a d i f -  
f e r e n t  i n i t i a l  l e v e l  and v a r i a b i l i t y  of t h e  inves t iga ted  parameters, each ab- 
so lu t e  value measured a f t e r  exposure w a s  expressed i n  percentage devia t ion  
from the  mean i n i t i a l  value of  t h i s  parameter. The computed percentage devia- 
t i o n s  were divided by the  mean group s c a t t e r  of these values  p r i o r  t o  exposure. 
The r e s u l t s  were subjected t o  s t a t i s t i c a l  processing using the  median and 

x* t e s t s .  

Experimental Results 

Figure l , A , l  shows da ta  obtained f o r  a cont ro l  group o f  animals subjected 
t o  the  noise of an operat ing v ib ra t ion  stand. Analysis of  t h e  results revea ls  
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Figure 1. Change i n  t h e  i n t e n s i t y  of th reshold  
stimulus i n  experimental and con t ro l  groups. 
A, Mean value of th reshold  stimulus i n t e n s i t y ;  
1, i n  animals  of c o n t r o l  group; 2, i n  animals 
mul t ip ly  exposed t o  v ib ra t ion ;  B; i nd iv idua l  
changes i n  t h e  threshold  stimulus i n t e n s i t y  i n  
animals of con t ro l  group; 4, i n  guinea p i g  No. 
96; 3, i n  guinea p i g  No.  83. x-axis--time i n  
days; y -ax i s - - in t ens i ty  of th reshold  stimulus,  
expressed i n  percent  of dev ia t ion  from mean 
i n i t i a l  value, d iv ided  by mean group s c a t t e r  
p r i o r  t o  exposure. Arrows i n d i c a t e  days of ex- 
posure. Large arrows ind ica t e  t h e  beginning 
and end of  t h e  v i b r a t i o n  per iod .  

t h a t  i n  most of t h e  animals t he  value of e x c i t a b i l i t y  thT-esholds ( s t imu la t ion )  
f luc tua ted  during t h e  e n t i r e  per iod wi th in  t h e  l i m i t s  of i n i t i a l  s c a t t e r .  
Only two animals showed an appreciable increase  i n  t he  i n t e n s i t y  of th reshold  
stimulus.  on the  
day of t he  6 th  exposure t o  noise and on t h e  8 t h  day of t h e  postexperimental 
period ( f i g .  1 , B , 4 ) .  
t i o n  increased on the  day of t h e  9 t h  exposure, and w a s  maintained a t  t h i s  
higher l e v e l  up t o  t h e  13 th  day of t h e  postexperimental per iod  ( f i g .  1 , B , 3 ) .  

I n  guinea p ig  No. 96 such a phenomenon w a s  observed twice: 

I n  guinea p i g  No.  83 t h e  i n t e n s i t y  of th reshold  s t i m u l a -  
/50 

Defin i te  changes were observed i n  the  va lues  of t h e  l a t e n t  period i n  t h e  
con t ro l  group. The animals can be divided i n t o  two groups on t h e  b a s i s  of t he  
charac te r  of t h e  changes i n  r e f l e x  responses. 
w a s  a tendency towards an increase  i n  l a t e n t  periods of t he  inves t iga t ed  reac- 
t i o n s ;  i n  the  o the r  t h e r e  w a s  a tendency towards shortening of t h e  l a t e n t  
per iods  ( f i g .  2 , B ) .  These changes were manifested f o r  t he  most p a r t  i n  t he  vi-  
b ra t ion  period. ?"ne changes were cumulative, a t t a i n i n g  m a x i m u m  value by the  
4th day of exposure t o  the noise st imulus.  I n  most of t h e  animals t he  i n v e s t i -  
gated values already began t o  r e t u r n  t o  t h e  i n i t i a l  l e v e l  i n  t h e  experimental 
per iod .  I n  animals of t he  f i r s t  group, f l u c t u a t i o n s  of t h e  values of t he  
l a t e n t  per iods  i n  t h e  pos tv ib ra t ion  per iod  d i d  not exceed the  l i m i t s  of  normal 
average group s c a t t e r .  I n  a n i m a l s  of t h e  second group on t h e  3rd-5th day of 
t h e  pos tv ib ra t ion  per iod  the re  w a s  a second decrease i n  t h e  inves t iga t ed  
values . 

I n  one group ( f i g .  2 ,A)  t he re  
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Figure 2. Change i n  value o f  t he  l a t e n t  period 
of t h e  unconditioned defensive motor r eac t ion  
i n  animals of t h e  c o n t r o l  group. 
A and B, mean value of l a t e n t  period i n  two 
groups of c o n t r o l  animals; 1, w e a k ;  2, i n t e r -  
mediate; 3, s t rong,  phys io logica l ly  constant 
s t i m u l i .  y - ax i s - - l a t en t  period, expressed i n  
percentage dev ia t ion  from mean i n i t i a l  value, 
divided by mean group s c a t t e r  p r i o r  t o  exposure 
(1 graduation = 1). 
and end of v i b r a t i o n  per iod .  Other no ta t ions  
same as i n  figure 1. 

Ver t i ca l  l ines--beginning 

The changes of t h e  c h a r a c t e r i s t i c s  of the r e f l e x  r eac t ions  i n  the  group of 
cont ro l  animals were such t h a t  i n  most cases  co r rec t  i n t e n s i t y  r e l a t i o n s  were 
maintained between responses t o  s t i m u l i  of d i f f e r e n t  i n t e n s i t y ,  with the excep- 
t i o n  of t h e  4th day of exposure t o  sound s t imula t ion ,  when i n  the  f irst  group 
there  were s t ronger  changes i n  t h e  r eac t ions  t o  a stimulus of intermediate i n -  
t e n s i t y .  A count of t he  experiments with a d i s rup t ion  of  i n t e n s i t y  r e l a t i o n s  
revealed very i n s i g n i f i c a n t  devia t ions  from the  i n i t i a l  background ( f i g .  5,111). 
Thus, exposure t o  noise w a s  not i n d i f f e r e n t  t o  t h e  r e f l e x  a c t i v i t y  of t he  i n -  
ves t iga ted  a n i m a l s .  Despite t h e  f a c t  t h a t  i n  some animals it caused an increase  
i n  r e f l e x  conductivity and i n  o the r s  a decrease, t he  genera l  group medians i n  
t he  r eac t ions  t o  a l l  t h ree  types of st imulus were lower (Me3 = -O.>, Me6 = -0.1, 

Melo = -0.4)) which i s  an ind ica t ion  t h a t  i n  the  con t ro l  group of animals t he re  

w a s  a predominant tendency toward decreasing values of t h e  inves t iga t ed  param- 
e t e r .  Since considerable d i s rup t ions  of r e f l e x  a c t i v i t y  were observed i n  only 
ha l f  t he  animals (and even those  w e r e  b r i e f ) ,  on the  b a s i s  of t h i s  m a t e r i a l  no 
r e l i a b l e  d i f fe rence  (P  > 0.05) from t h e  i n i t i a l  background w a s  discovered i n  
t h e  cont ro l  group of animals. 

I 

In  con t r a s t  t o  t he  con t ro l  group, i n  animals mul t ip ly  exposed t o  v i b r a t i o n  
the re  were considerable changes i n  t h e  values of t h e  l a t e n t  per iod  of t he  i n -  
ves t iga ted  r eac t ions .  I n  some of t he  animals these changes could. be t r a c e d  
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during the  e n t i r e  per iod of t he  observa t ions .  
t h r e e  groups on the  b a s i s  of types  of r e a c t i o n  t o  v i b r a t i o n .  

The animals were divided i n t o  

I n  the  animals  of the f irst  group (Nos. 89, 100, 103, f i g .  3), t he re  w a s  
a considerable increase  i n  t h e  l a t e n t  per iod  of r e a c t i o n s  t o  intermediate and 
s t rong  s t i m u l i ,  whereas t h e  l a t e n t  per iod  of r eac t ions  t o  a weak stimulus 

tended t o  increase  and i n  N o .  100, tended t o  shor ten) .  
t o  a s t rong  stimulus suf fered  t o  a g r e a t e r  ex ten t ,  and only i n  guinea p ig  No. 
100 were t h e r e  more severe d i s rup t ions  of r e a c t i o n s  t o . a  st imulus of intermed- 
i a t e  i n t e n s i t y  i n  the  course of the f i rs t  f i v e  days of t h e  pos tv ib ra t ion  
period. 

e i t h e r  remained unchanged o r  changed very i n s i g n i f i c a n t l y  ( i n  No .  103, !& 
I n  most cases r eac t ions  

Thus, i n  t he  change of t he  func t iona l  state of t h e  inves t iga t ed  r e f l e x  a r c  
i n  t h i s  group of an imals  t he re  w a s  a d i s r u p t i o n  of co r rec t  fo rce  r e l a t ionsh ips  
r e l a t i v e  t o  the types of adjustment and paradoxical  phases at a low l e v e l .  It 
should be noted t h a t  such a d i s rup t ion  d i d  not occur immediately. Guinea p ig  
No. 100 i n  the  f i r s t  one and one h a l f  weeks of t h e  v i b r a t i o n  per iod showed a 
decrease i n  t he  value of the l a t e n t  per iod  o f  r eac t ions  t o  a weak stimulus,  
whereas r eac t ions  t o  intermediate and s t rong  s t i m u l i  remained wi th in  the  l i m i t s  

Days 

Days 

Days 

Figure 3. Change i n  value of t h e  l a t e n t  
period of t h e  unconditioned defensive 
motor r eac t ion  during mul t ip le  exposure 
t o  v i b r a t i o n  i n  animals of  t h e  f i rs t  
group. 
A, B and C, i nd iv idua l  changes i n  t h e  
l a t e n t  period f o r  guinea p igs  Nos. 89, 
l o 3  and 100, r e spec t ive ly .  Other nota- 
t i o n s  same as i n  f i g u r e  2. 
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of t h e  mean group s c a t t e r .  Therefore, a t  t h i s  stage t h e  proper force  r e l a t i o n -  
sh ips  w a s  d i s rupted  with respec t  t o  t h e  type of  adjustment phase a t  a high 
l e v e l  ( f i g .  3,B).  
guinea p igs  Nos. 89 and l o 3  on the  day o f  t h e  2nd exposure t o  v ib ra t ion  
( f i g .  3,A,B).  The func t iona l  d i s rup t ions  of t h e  inves t iga t ed  r e f l e x  arc ,  
occurr ing under t h e  inf luence of v ibra t ion ,  gradual ly  increased and a t t a i n e d  
t h e i r  maximum value i n  guinea p i g  N o .  100 by the 5th and 10 th  days of t he  pos t -  
v ib ra t ion  period, while i n  guinea p igs  N o s .  103 and 89, by t h e  4 th  and 6 th  days 
of  exposure t o  v ib ra t ion .  The paradoxical  phase observed on these  days w a s  
l a t e r  replaced by a low l e v e l  adjustment phase. 
day of  t he  8 t h  v ib ra t ion  the re  a l s o  w a s  an intermediate  stimulus phase. 

Such an increase  i n  r e f l e x  a c t i v i t y  w a s  a l s o  observed i n  
/52 

I n  guinea p i g  N o .  89 on t h e  

I n  two animals of t h i s  group (guinea p igs  Nos. 89 and 103) there w a s  ra- 
t h e r  rap id  onset  of  a per iod o f  normalization of  reflex a c t i v i t y .  The normal- 
i z a t i o n  of  co r rec t  force  r e l a t i o n s h i p s  took p lace  via a na rco t i c  phase. I n  
guinea p i g  No. 89 on the  day o f  t he  nex t - to - l a s t  v ib ra t ion  the l a t e n t  per iod  of  
t h e  r eac t ion  t o  a weak stimulus,  which u n t i l  then  had var ied  wi th in  the range 
of t he  i n i t i a l  l e v e l ,  not exceeding t h e  l i m i t s  of mean group devia t ion ,  i n -  
creased sharply.  I t s  changes on the  day of  t h e  las t  v ib ra t ion  w e r e  even more 
s i g n i f i c a n t  than the changes of t he  l a t e n t  per iod  for intermediate  and s t rong  
s t i m u l i .  On the  day following the  terminat ion of  exposure t o  v ib ra t ion  there 
was 8 sharp decrease i n  the  values  of  t he  inves t iga ted  parameters, al though 
they  s t i l l  somewhat exceeded the  normal mean group scatter.  

I n  guinea p ig  No. 103, f o r  which t h e  values  of t he  l a t e n t  per iods o f  the  
r eac t ions  t o  all th ree  types of  stimulus already began t o  r e t u r n  t o  the  i n i t i a l  
l e v e l  with the  8th exposure t o  v ib ra t ion , .on  the  day of  t h e  las t  v ib ra t ion  a 
narcot ic  phase w a s  noted i n  t h e  func t iona l  state of  t he  r e f l e x  arc ,  as i n  
guinea p i g  No. 89. A t  t h e  same t i m e  t h a t  t h e  r eac t ion  t o  a s t rong  stimulus 
remained wi th in  the  l i m i t s  of f l u c t u a t i o n s  of t h e  i n i t i a l  background, t h e r e  
was a repeated increase  i n  l a t e n t  per iods  of r eac t ions  t o  w e a k  and intermediake 
s t i m u l i .  Thereaf ter ,  i n  t he  course of  t h e  e n t i r e  per iod  of  observat ions,  t h e  
inves t iga t ed  parameters f luc tua ted  i n s i g n i f i c a n t l y .  
t he  pos tv ib ra t ion  per iod  w a s  t h e r e  again an increase  i n  t he  l a t e n t  per iods  of  
a l l  th ree  reac t ions ,  although not  as s t rong  as during the  v ib ra t ion  per iod.  

Only on t h e  18 th  day of 

I n  the  t h i r d  animal belonging t o  t h i s  p a r t i c u l a r  group (guinea p i g  N o .  
100) the re  w a s  no tendency towards normalization of  r e f l e x  a c t i v i t y .  
of t he  l a t e n t  per iod  of  the  r eac t ions  t o  intermediate  and s t rong  s t i m u l i  were 
maintained a t  a high l e v e l  during the e n t i r e  per iod  of  observat ions.  On the  
f irst  f ive  days a f t e r  te rmina t ion  of exposure t o  vibrat ion,  t h e r e  were s t ronger  
d i s rup t ions  of  r eac t ions  t o  an intermediate  stimulus. 

The values  

These d i s rup t ions  o f  r e f l e x  a c t i v i t y  are a l s o  c l e a r l y  manifested i n  exper- 
iments where d is rupt ions  of proper  fo rce  r e l a t i o n s h i p s  occurred. Figure 5,I 
shows t h a t  i n  the  v ib ra t ion  per iod  t h e r e  w a s  a sharp increase  i n  t h e  percentage 
of  co r rec t  force  r e l a t ionsh ips  between r eac t ions  t o  weak and strong, w e a k  /53 
and intermediate ,  and intermediate  and s t rong  s t i m u l i .  Therefore, during this  
period, d i s rup t ion  of adjustment and paradoxical  phases predominated. 
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I n  the  pos tv ib ra t ion  per iod,  t h e  number of  experiments wi th  d is rupt ions  of 
force r e l a t ionsh ips  decreased appreciably.  The r e l a t i o n s h i p  between r eac t ions  
t o  weak and s t rong,  and a l so  t o  s t rong  and intermediate  s t i m u l i  w a s  wi th in  the 
range of the  i n i t i a l  l e v e l  ( f i g .  5 , 1 , A , B , 3 ) .  An increase  i n  the  number of ex- 
periments with adjustment of r eac t ions  t o  intermediate  and w e a k  s t i m u l i  ( f i g .  
5 , I , B , 3 )  f o r  t h e  most p a r t  i s  caused by changes i n  r eac t ions  t o  an intermediate  
st imulus i n  guinea p ig  N o .  100. 

I n  the  second group of  animals (guinea p igs  Nos. 99 and 101) changes i n  
the  inves t iga ted  parameter were far less  s i g n i f i c a n t  than i n  the  group consid- 
e red  above, bu t  as i n  guinea p i g  No. 100, they were t r a c e d  during the  e n t i r e  
period of  i nves t iga t ion .  
t i o n  per iod  t h e  l a t e n t  per iods of  r eac t ions  t o  weak and s t rong  s t i m u l i  i n -  
creased a t  the  same t i m e  t h a t  t he  l a t e n t  per iod  f o r  a s t imulus o f  intermediate  
i n t e n s i t y  w a s  even shortened r e l a t i v e  t o  the  i n i t i a l  l eve l .  Such a change i n  
force r e l a t ionsh ips  with r e spec t  t o  t h e  type of intermediate  st imulus phase 
was maintained i n  guinea p i g  No. 101 up t o  the  9 t h  day of  t he  exposure t o  v i -  
brat ion,  while i n  guinea p i g  N o .  99 up t o  the  3 t h  day of  t he  pos tv ib ra t ion  
per iod.  A considerable t i m e  after exposure, t he  change i n  r e f l e x  a c t i v i t y  of 
guinea p i g  No. 99 took place;  here ,  proper  fo rce  r e l a t ionsh ips  with r e spec t  t o  
the  type of  na rco t i c  phase were preserved.  The increase  i n  t h e  l a t e n t  per iod  
compared t o  the  i n i t i a l  background w a s  i d e n t i c a l  i n  t h e  r eac t ions  t o  all 
th ree  types of s t imula t ion .  I n  guinea p i g  N o .  101 on the  day of  the l a s t  v i -  
b ra t ion  the  s t a t u s  of the intermediate  st imulus phase w a s  replaced by a para- 
doxical phase a t  a low l e v e l .  The l a t e n t  per iods  f o r  the  intermediate  and 
s t rong s t i m u l i  were higher,  whereas r eac t ions  t o  a weak s t imulus returned t o  
the  i n i t i a l  s ta te .  Tbe dynamics of changes i n  t h e  inves t iga t ed  parameter dur- 
ing the  pos tv ibra t ion  per iod  i s  evidence of  t he  d i f f i c u l t y  of  r e f l e x  normaliza- 
t i o n .  Days i n  which re la t ive r e s t o r a t i o n  took p lace  were replaced by per iods 

I n  t h i s  group of  animals ( f i g .  4) during t h e  v ibra-  

& 

Figure 4. Change i n  value of  t h e  l a -  
t e n t  per iod of  t h e  unconditioned de- 
fensive motor r eac t ion  during mult iple  
exposure t o  v ib ra t ion  i n  t h e  second 
group. A and B, ind iv idua l  l a t e n t  
per iod  changes i n  guinea p igs  Nos. 99 
and 101, respec t ive ly .  Other no ta t ions  
same as i n  figure 2. 
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Figure 5 .  Disrupt ions of  force  
r e l a t i o n s h i p s .  I, F i r s t  group 
of v ibra ted  animals; 11, second 
group of v ibra ted  animals; 111, 
con t ro l  group. Disrupt ions o f  
force  r e l a t i o n s h i p s  i n  reac-  
t i o n s :  A, t o  weak and s t rong;  
B, t o  w e a k  and intermediate;  C, 
t o  s t rong  and intermediate  s t i m -  
uli. 1, P r i o r  t o  exposure; 2, 
during v ibra t ion ;  3, postvibra-  
t i o n .  y-axis--number of  experi-  
ments ( i n  percent )  with disrup-  
t i o n s  of fo rce  r e l a t ionsh ips .  

of d i s rupt ion ,  i n  which the re  w e r e  adjustment and paradoxical  phases a t  a low 
l e v e l  ( t h e  5 t h  and 18 th  days af ter  exposure t o  v i b r a t i o n ) .  

All these  d a t a  are confirmed i n  experiments with d i s rup t ions  o f  t h e  proper 
force  r e l a t ionsh ips .  Figure 5 shows t h a t  i n  t h e  v ib ra t ion  per iod the re  w a s  a 
sharp increase  i n  t h e  percentage of experiments with d i s rup t ions  of proper force  
r e l a t ionsh ips  between r eac t ions  t o  intermediate  and s t rong  s t i m u l i  ( I I , B ) ,  
whereas between r eac t ions  t o  weak and qtrong and w e a k  and intermediate  s t i m u l i ,  
changes i n  fo rce  r e l a t ionsh ips  var ied  wi th in  the  same l i m i t s  as t h e  con t ro l  
group ( I I , A  and B ) .  Therefore, i n  this  per iod  the re  w a s  a predominance of  d i s -  
rup t ions  of  t h e  proper force  r e l a t i o n s h i p s  relative t o  t h e  type of  intermediate  
s t imulus phase. 

A f t e r  terminat ion of  v ibra t ion ,  t h e  number of  experiments w i t h  these d i s -  
rup t ions  decreased, even when compared t o  the i n i t i a l  background ( f i g .  5,11,3). 
This ind ica t e s  t h a t  i n  the  pos tv ib ra t ion  per iod,  t h e  change i n  the func t iona l  
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state of t h e  inves t iga t ed  r e f l e x  a r c  w a s  f o r  t h e  most p a r t ,  r e f l e c t e d  by a l l  of  
t he  c h a r a c t e r i s t i c s  of  a na rco t i c  phase. 
t o t a l  experiments with d i s rup t ions  of proper  force  r e l a t ionsh ips  are evidence 
t h a t  t h e  primary d i s rup t ions  i n  t h e  inves t iga t ed  r e f l e x  a r c  i n  these  groups of  
animals occurred during exposure t o  v i b r a t i o n  and were r e f l e c t e d  by a ten-  
dency towards d i s rup t ion  of c o r r e c t  fo rce  r e l a t ionsh ips ,  relative t o  both t h e  
type o f  adjustment and paradoxical  phases a t  a low level  or t o  t h e  type of  i n -  
termediate stimulus phase. This tendency w a s  q u i t e  c l e a r l y  expressed, because 
it appeared i n  both the.  relative and absolu te  values  o f  t he  inves t iga ted  
parameter. 

Thus, both ind iv idua l  curves and 

/55 

A very unique r eac t ion  w a s  observed i n  guinea p i g  N o .  81 ( t h i r d  group) .  
A s  can be seen from f i g u r e  6, i n  t h e  per iod  of  exposure t o  v ib ra t ion  the re  were 
sharp d i s rup t ions  of  r e f l e x  a c t i v i t y  i n  r eac t ions  t o  all th ree  s t i m u l i .  On the  
day of  the  second exposure t o  v ibra t ion ,  the  inves t iga t ed  values s t i l l  changed 
very i n s i g n i f i c a n t l y .  Thereafter these  d i s rup t ions  cumulated and a t t a i n e d  
t h e i r  m a x i m u m  value by the  4th-6th day of exposure t o  v ib ra t ion .  

Despite t he  f a c t  t h a t  t he  increase  i n  the  l a t e n t  per iod  of  all reac t ions  
w a s  approximately i d e n t i c a l ,  as a result of  which proper force  r e l a t ionsh ips  
were maintained, t h e  d i s rup t ion  of  r e f l e x  a c t i v i t y  i n  t h i s  animal. m u s t  be re- 
garded as t h e  most severe. I n  t h e  inves t iga t ed  a rc ,  t he re  w a s  such a s t rong  
decrease i n  reflex conduct ivi ty  t h a t  t h e  t ransmission of  nerve impulses w a s  de- 
pressed f o r  a l l  types of s t i m u l i .  

A s i m i l a r  r eac t ion  w a s  observed i n  the  animals of t h e  f irst  group subjected 
t o  the  effect  of  noise  from t h e  opera t ing  v ib ra t ion  s tand ( f i g .  2 , A ) .  
a t  t h i s  t i m e ,  as i n  the  con t ro l  group, t he  values  of t he  inves t iga t ed  parameters 
began t o  r e t u r n  t o  the  i n i t i a l  level beginning with the  6 th  exposure t o  the  
noise stimulus; i n  guinea p i g  N o .  81 the  t ransmission of  nerve impulses remained 
depressed during t h e  e n t i r e  course of  the  v ib ra t ion  per iod.  I n  addi t ion,  t h e  
func t iona l  s ta te  of  t h i s  a r c  on t h e  day of t h e  nex t - to - l a s t  v ib ra t ion  per iod  
exhib i ted  a low level paradoxical  phase inasmuch as t h e  l a t e n t  per iod of  re- 
f l exes  t o  a weak s t imulus began t o  shorten while values of  t h e  l a t e n t  per iod  for 
a high i n t e n s i t y  s t imulus remained prolonged. 

However, 

During t h e  pos tv ibra t ion  per iod,  

2 d 6 8 9 3 5 8 IO N &? Days 

Figure 6. 
per iod  of  the  unconditioned defensive motor 
r eac t ion  during mul t ip le  exposure t o  vibra-  
t i o n  i n  animals of  t he  t h i r d  group (guinea 
p i g  No. 81). 

Changes i n  value of  t he  l a t e n t  

Notations same as i n  figure 2. 
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a 

t he  inves t iga ted  parameters re turned r a t h e r  rap id ly  t o  the  i n i t i a l  l e v e l ;  
t he  f i r s t  days the re  w a s  an abbreviat ion of l a t e n t  per iods of r e f l exes  t o  
termediate and s t rong s t i m u l i .  

on 
in-  

An ana lys i s  of changes i n  the  l a t e n t  period of t h e , i n v e s t i g a t e d  reac t ions  
shows t h a t  t he  e f f e c t  of mult iple  exposure t o  v ibra t ionwi thout  exception 
caused a depression of unconditioned r e f l e x  a c t i v i t y .  In  con t r a s t  t o  t h e  con- 
t r o l  group, the medians of the averaged combinations of t he  l a t e n t  periods of 
reac t ions  t o  all three  types of st imulus w e r e  high. However, t he  i n t e n s i t y  of 
depression and the  charac te r  of i ts  manifestat ion d i f f e red .  Reactions t o  s t i m -  
uli of intermediate (Me = +1) and high i n t e n s i t y  ( M e  = i-0.6) underwent t h e  - /56 
g rea t e s t  changes. With respec t  t o  t h i s  index, t he  d i f fe rences  from the cont ro l  
group i n  the  reac t ions  t o  both s t i m u l i  w e r e  s t a t i s t i c a l l y  r e l i a b l e  (P  < 0.01). 
Since i n  most of the  experimental animals the  change i n  r e f l e x  a c t i v i t y c o r r e s -  
pond& t o  d is rupt ion  of force  re la t ionships ,  a r e l i a b l e  d i f fe rence  from t h e  
cont ro l  was not observed ( P  > 0.05) i n  the  change of  the  l a t e n t  period of reac- 
t i o n s  t o  a weak stimulus ( M e  = +0.11). 

With respec t  t o  the  value of t he  thresholds  of s t imula t ion  ( e x c i t a t i o n ) ,  
we did n o t  observe such uniform changes i n  experimental groups as were noted i n  
animals twice exposed t o  v ib ra t ion  (Kuznetsova, 1964a). I n  some animals there  
was a decrease i n  the  i n t e n s i t y  o f  threshold s t imulat ion ( f i g .  7 , A ) ,  i n  o thers  
an increase ( f i g .  7 , B ) ,  and i n  s t i l l  o thers  a change i n  the  value of t he  

A 

Days 

Days 

Days 

2 4 6 d 9 / 3 5 8 lo f3 I[ Days 

Figure 7. I n t e r r e l a t i o n s h i p  o f  changes i n  the  
value of th reshold  stimulus with changes i n  
the  value of t he  l a t e n t  per iod of the  uncondi- 
t ioned  defensive motor r eac t ion  t o  a s t rong  
stimulus i n  the  group of animals mult iply ex- 
posed t o  v ib ra t ion .  Individual  changes i n  t h e  
i n t e n s i t y  of threshold stimulus (2 )  and values 
of l a t e n t  per iod (1) i n  guinea p igs  No.  100 
( A ) ,  l o 3  (B)  and 81 ( C )  . y-axis-- invest igated 
parameters i n  r e l a t i v e  u n i t s .  Other no ta t ions  
same as i n  figure 2. 



threshold s t imulus with a peak-l ike cha rac t e r .  The inves t iga t ed  value f irst  
increased, then  dropped below t h e  i n i t i a l  l eve l  ( f i g .  7,C). 
deviat ions w e r e  not  s i g n i f i c a n t  and s t a t i s t i c a l  processing d i d  not  reveal a 
r e l i a b l e  d i f f e rence  between t h e  f l u c t u a t i o n s  of  t h i s  parameter i n  animals of 
the  experimental  and con t ro l  groups ( f i g .  1 , A ) .  
charac te r  of  t h e  changes i n  these  ind ices  i n  both groups, t he re  were i n t e r e s t -  
ing d i f f e rences .  Figure 7 shows t h a t  i n  the  animals repea ted ly  exposed t o  v i -  
b ra t ion  t h e r e  w a s  a c l e a r l y  expressed inverse  c o r r e l a t i o n  between changes i n  
the  i n t e n s i t y  of  th reshold  s t imula t ion  and t h e  value of t h e  l a t e n t  per iod  of  
reac t ions  t o  a s t rong  s t imulus.  Table 1 shows t h e  d i s t r i b u t i o n  of  a l l  observed 
types of  t he  r e l a t i o n s h i p s  of  changes i n  l a t e n t  per iods of  reac t ions  t o  a s t rong 
stimulus and stimulus thresholds  i n  t h e  experimental  and cont ro l  animals. 

As a rule, these  

However, with respec t  t o  the  

16.6 
1.1 

The tab le  shows both the  percentage of  animals i n  which t h i s  phenomenon 
was observed and t h e  percentage of  experiments i n  which it w a s  observed. Note 
t h a t  i n  cont ro l  group, one parameter remained wi th in  normal l i m i t s ,  whereas 
the  o ther  increased or decreased ( type  11). 
i n  45.4 percent  of t he  cases  and i n  most of t h e  a n i m d s  (62-75 percen t ) .  
d i f f e r e n t  types of r eac t ions  were encountered i n  approximately an i d e n t i c a l  

Such a form of r eac t ion  occurred 
The 

33 
4.7 

TABLE 1. CORRELATION OF THRESHOLD STIMULUS INTENSITY AND LATENT 
PERIOD VALUES I N  EXPERIMENTAL AND CONTROL ANIMALS 

Group 

Control 
animals ,$ 
cases ,% 
t o t a l  $ 

of cases 
Experi- 
mental 
animals, $ 
cases,  % 
t o t a l  5 

of cases 

~~ - - - . _. . __ 

I 
Both 

)arame ters  
normal 

34.4 

34.4 

83 
34 

34 
.... ~ ~~ 

~- 

I1 
One parameter 

normal, t he  
o the r  changes 

83 
19 

33 
- ~ .  

45.4 

16.6 
3.5 

I11 
P a r a l l e l  

change 
of both 

parameters 

50 22 
4.3 4 

8.3  

4.7 5 0 1  1 
4.7 

Iv 
Parameters 
change i n  a 
d i f f e r e n t  
manner 
. . 

F 
11 

83 1 33 
17.8 3.5 

21.3 

NOTES: I,, l a t e n t  period; T, threshold;  N, inves t iga ted  param- 
e t e r  w i th in  normal l i m i t s ;  >, inves t iga ted  parameter increases;  
<, inves t iga ted  parameter decreases;  I-IV, forms of reac t ion .  



number of cases (9-14 percen t ) .  Those forms of r e a c t i o n  i n  which both param- 
e t e r s  changed i n  t h e  same manner (type 111) or t h e i r  d i s s o c i a t i o n  was observed 
(type I V )  were noted f a r  more r a r e l y  (8-11 percent )  and i n  a l e s s e r  number of 
animsls (22-50 pe rcen t ) .  
was a decrease i n  the  number of type 11 reac t ions .  While i n  t h e  con t ro l  group 
t h i s  form was encountered i n  45.4 percent  of t h e  cases, here it w a s  discovered i n  
only 33 percent.  
the value of t h e  threshold stimulus remained wi th in  t h e  l i m i t s  of t h e  i n i t i a l  
l e v e l  and t h e  l a t e n t  period increased. This type of r e a c t i o n  was encountered 
i n  19 percent of t h e  cases and i n  most of t h e  animals (83 pe rcen t ) ,  whereas the  
remaining types of r eac t ions  were observed very r a r e l y  (1.1-4.7 percent )  and i n  
a small number of animals (16.6-33 percen t ) .  

I n  the group of animals exposed t o  v ib ra t ion  t h e r e  

The h ighes t  percentage was f o r  t h a t  type of r eac t ion  i n  which 

The number of cases of type I11 of r eac t ions  i n  which t h e  changes i n  both 
parameters were almost p a r a l l e l  was reduced by almost h a l f .  The decrease 
i n  the  first two types of r eac t ions  i n  t h e  animals of t h e  experimental group 
was due t o  an increase  i n  t h e  number of type I V  r eac t ions  i n  which the re  was a 
d i s soc ia t ion  i n  the  change of t h e  inves t iga ted  parameters. While i n  t h e  con- 
t r o l  group t h i s  form was encountered i n  only ha l f  of t h e  animals (11 percent 
of t he  cases) ,  i n  the group mul t ip ly  exposed t o  v ib ra t ion  it was observed i n  
the majority (83 percent )  of t h e  animals (21.3 percent of t h e  cases) .  

- /58 

Thus, ana lys i s  of t h e  t a b l e  r evea l s  t h a t  mul t ip le  exposure t o  v ib ra t ion  
caused a d e f i n i t e  d i s rup t ion  i n  t h e  r e l a t i o n s h i p s  between values of t h e  l a t e n t  
period and t h e  i n t e n s i t y  of threshold stimulus and increased by a f a c t o r  of two 
the number of cases of r eac t ions  i n  which both inves t iga ted  ind ices  changed i n  
a d i f f e r e n t  manner. 

Multiple exposure t o  v ib ra t ion  caused r e l i a b l e  chmges i n  the pe r iphe ra l  
blood of t h e  animals (P < 0.001). 

exposure t o  v ibra t ion ,  t h e  number of leukocytes per  1 mm3 of the blood of t he  
experimental animals increased. Moderate leukocytosis was observed during t he  
e n t i r e  period of observations.  With r e spec t  t o  change of weight, no r e l i a b l e  
d i f fe rences  from the  con t ro l  were observed (P > 0 . 0 5 ) .  However, the group of 

Figure 8 shows t h a t ,  beginning wi th  t h e  gth 

Figure 8. 
i n  the  pe r iphe ra l  blood of animals under the  
inf luence  of mul t ip le  exposure t o  v ib ra t ion .  
1, Experimental group; 2, control .  y-axis-- 
number of leukocytes pe r  1 mm3 of blood i n  
r e l a t i v e  u n i t s .  Other no ta t ions  same as  i n  
f i g u r e  2. 

Change i n  the  number of leukocytes 
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'animals exposed t o  v ibra t ion  was c h a r a c t e r i s t i c a l l y  more exc i tab le .  During the  
experiment the  animals were r e s t l e s s  i n  the  chamber: 
wal ls  of the  chamber, u t t e r ed  murmuring sounds and made at tempts  t o  escape. It 
was necessary t o  wai t  u n t i l  they were calm, and sometimes the  experiment had t o  
be postponed. 

they jumped, gnawed the  

Conclusion 

A s  demonstrated i n  our e a r l i e r  inves t iga t ions  (Kuznetsova, 1964a), double 
exposure t o  v ib ra t ion  wi th  these same parameters induced i n  the  func t iona l  
s t a t e  of the  inves t iga ted  a r c  of unconditioned defense motor r eac t ion  c l e a r l y  
observable changes character ized by the  occurrence of pa rab io t i c  s t a t e s .  I n  
some of the  animals there  was an increase  of r e f l e x  conduct ivi ty  wi th  a disrup-  
t i o n  of force r e l a t ionsh ips  with respec t  t o  t h e  types of high-level  adjustment 
phase. 
ships  were l i k e  an adjustment phase a t  a moderate l e v e l  o r  an intermediate  
stimulus phase and indicated a more in tense  s t a t e  of overexc i ta t ion  of t he  
motor centers .  

I n  the  remaining group of  animals the  d is rupt ions  of force r e l a t i o n -  

This d i s s i m i l a r i t y  of responses apparent ly  was governed by the  character-  
i s t i c s  of the  nervous system and i t s  i n i t i a l  s t a t e .  I n  animals with i n s u f f i -  
c i e n t l y  s t rong inh ib i t i on  and s t imula t ion  processes the  s t a t e  of overexc i ta t ion  
under the inf luence of v ib ra t ion  could s e t  i n  very rap id ly ,  which was immedi- 
a t e l y  r e f l ec t ed  by complicated t ransmlssion of nerve impulses. A t  the  same 
time, i n  animals having q u i t e  s t rong s t imula t ion  processes the  s t a t e  of over- 
exc i t a t ion  did not develop, although the  observed increase i n  t h e  conduct ivi ty  
of nerve centers  was not  complete. 

Similar r e s u l t s  were obtained by L. D. Luk'yanova i n  a s tudy of the  /60 
change of  oxidat ion processes i n  the  t i s s u e s  of t he  motor centers  of the  cortex 
and subcortex i n  white r a t s  exposed t o  v ibra t ions  of s imi l a r  i n t e n s i t y  (La'- 
yanova, 1964b). I n  most of the  animals, during the  f irst  f i v e  minutes of ex- 
posure t o  v ibra t ion  the  author discovered a s t a t e  of e x c i t a t i o n  of the  nerve 
c e l l s ,  which l a t e r  underwent t r a n s i t i o n  i n t o  a s t a t e  of in tense  inh ib i t i on .  I n  
some of the  anlmals the  s t a t e  of e x c i t a t i o n  i n  a somewhat l e s s  c l e a r l y  expressed 
form was a l s o  maintained a f t e r  exposure t o  v ibra t ion .  The author bel ieves  t h a t  
these animals had a s t rong nervous system. Even three-day exposure t o  v ibra t ion  
stimulus could not  induce overexc i ta t ion  of t h e i r  nerve centers .  This group of 
animals, with r e spec t  t o  reac t ion ,  resembles the  f i r s t  group of animals con- 
sidered i n  our inves t iga t ions .  F ina l ly ,  i n  the  t h i r d  group of animals the  de- 
velopment of in tense  i n h i b i t i o n  w a s  observed from the  f i rs t  minutes of v ibra t ion .  
This group resembles our o ther  two groups and apparent ly  may be classed as  an i -  
mals of the  weak type. 

The luc id  s tudy of M. F. Stoma (1964) i s  i n t e r e s t i n g .  The author inves t i -  
gated the s t a b  of t he  Achi l les  r e f l e x  during appl ica t ion  of a propriocept ive 
s t imulat ion of d i f f e r e n t  i n t e n s i t i e s  ( i n  supine, s i t t i n g  and standing p o s i t i o n s ) .  
Daily three-hour v ib ra t ion  of t he  r e a r  paw of r a b b i t s  (frequency 30 cps, ampli- 
tude 1.5 mm) f o r  a period of 1-3 months caused a s t a b l e  s t a t e  of e x c i t a t i o n  
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which appeared t o  be dominant i n  the  corresponding motor centers  of the sp ina l  
cord. I n  some of the animals t h i s  dominant center  had a pa thologica l  charac te r .  
I n  the  reac t ions  t o  s t imula t ion  of d i f f e r e n t  i n t e n s i t i e s  it was found t h a t  
there  a re  d is rupt ions  of t he  proper force  r e l a t ionsh ips  f o r  t he  types of ad- 
justment and paradoxical phases. 

I n  t h i s  i nves t iga t ion ,  a s  i n  the  experiments of L. D. Luk'yanova, i n  some 
of the animals a gradual  t r a n s i t i o n  from a s t a t e  of e x c i t a t i o n  t o  a s t a t e  O f  
pa rab io t i c  i n h i b i t i o n  was observed. An increase  i n  r e f l e x  conduct ivi ty  of the  
inves t iga ted  a rc  i n  guinea pigs  Nos. 89 and lo3 on t h e  day of t he  second ex- 
posure t o  v ibra t ion  and i n  guinea p ig  No. 100 i n  the  course of t h e  f i rs t  one 
and one-half weeks of t h e  v ib ra t ion  per iod,  as  i n  animals of t h e  f irst  group 
twice exposed t o  v ib ra t ion ,  was accompanied by d i s rup t ion  of proper force  r e l a -  
t ionships  f o r  the  type of adjustment phase a t  a high l e v e l  ( f i g .  3) .  
another group of animals, although the re  was no s i m i l a r  increase  of t he  r e f l e x  
a c t i v i t y  of t he  inves t iga ted  a r c ,  rapid development of t h e  s t a t e  of i n h i b i t i o n  
was not observed. 

I n  

By the  second exposure t o  v ib ra t ion  i n  t h i s  group of t h e  animals, the  in- 
vest igated parameters were s t i l l  wi th in  the  l i m i t s  of i n i t i a l  f l uc tua t ions .  
With repeated exposures t o  v ib ra t ion  the  r e s u l t i n g  e f f e c t s  w e r e  cummulated, and 
i n  all animals without exception the re  w e r e  various degrees of overexc i ta t ion .  
A tendency was noted towards d i s rup t ions  of the proper force  r e l a t ionsh ips  f o r  
types of t he  intermediate  st imulus phase and the  adjustment and paradoxical /61 
phases a t  a low l e v e l ;  t he re  a l s o  was a s t a t e  of in tense  i n h i b i t i o n  of uncon- 
d i t ioned  r e f l ex  a c t i v i t y  with r e t en t ion  of  the proper force  r e l a t ionsh ips ,  which 
i n  Pavlov c i r c l e s  i s  ca l led  the  narcot ic  phase. 

- 

There i s  no e s t ab l i shed  opinion i n  present-day physiology as t o  what posi-  
t i o n  t h i s  s t a t e  occupies among t h e  hypnotic phases. From our poin t  of view, 
f o r  t he  so lu t ion  of t h i s  problem it i s  important t o  take i n t o  account t he  l e v e l  
a t  which r e f l ex  a c t i v i t y  occurs. For example, i n  guinea p ig  NO. 81 i n  the 
f i r s t  half  of t h e  v ib ra t ion  period proper force  r e l a t ionsh ips  were maintained 
between reac t ions  t o  s t imu l i  of d i f f e r e n t  i n t e n s i t y .  I n  the  motor centers  of 
the inves t iga ted  r e f l e x  a r c  a s t a t e  of overexc i ta t ion  developed which was s i m i -  
l a r  t o  a s t a t e  of i n h i b i t i o n .  The t ransmission of nerve impulses was g r e a t l y  
hindered i n  the  reac t ions  t o  a l l  th ree  types of s t imula t ion .  This w a s  a nar- 
c o t i c  phase a t  an extremely low l e v e l  of r e f l e x  a c t i v i t y ,  c lose  t o  a s t a t e  of 
i n h i b i t i o n  ( f i g .  6 ) .  
obtained for guinea p igs  N o s .  89 and 103 ( f i g .  3,A,B).  
served i n  these animals on the  day of t he  l a s t  v ib ra t ion  i s  an ind ica t ion  of 
weaker d is rupt ions  than those which occurred on the  preceding experimental  
days. Although the l a t e n t  period of t h e  reac t ions  to a weak stimulus increased 
i n  both animals, the  t ransmission of nerve impulses from a s t rong  stimulus re- 
turned t o  the  i n i t i a l  l e v e l  i n  guinea p ig  No. 103, whereas i n  guinea p ig  No. 89 
it tended t o  acce le ra t e .  
higher  l e v e l  of r e f l e x  a c t i v i t y  than  on t h e  preceding experimental  days. 

W e  have a d i f f e r e n t  s i t u a t i o n  i n  an ana lys i s  of the  da t a  
The na rco t i c  phase ob- 

This was t h e  na rco t i c  phase, bu t  a t  a r e l a t i v e l y  

Beginning with the  second ha l f  of t he  v ib ra t ion  per iod,  desp i t e  t h e  f a c t  
t h a t  t he  v ib ra t ion  stimulus continued t o  operate,  i n  some animals t he re  was a 



tendency towards r e l a t i v e  normalization. I n  t h e  func t iona l  s t a t e  of t h e  motor 
centers  t he re  was a successive replacement of t he  parabio t ic  phases , evidence 
of a t r a n s i t i o n  from more in tense  t o  l e s s  in tense  inh ib i t i on .  For example, i n  
guinea p ig  No. 89 ( f i g .  3 , A )  t he re  was successive replacement of the  paradoxi- 
c a l  phase a t  a low l e v e l  (6th exposure t o  v ib ra t ion ) ,  t he  intermediate st imulus 
phase (8th exposure t o  v ib ra t ion ) ,  and adjustment phase a t  a low l e v e l  (g th  ex- 
posure t o  v ib ra t ion ) .  
a t  a low l e v e l  (4 th  exposure t o  v ib ra t ion )  was replaced by an adjustment phase 
a t  a low l e v e l  (6th exposure t o  v ib ra t ion )  and a na rco t i c  phase (10th exposure 
t o  v ib ra t ion ) .  I n  guinea pig NO. 81 ( f i g .  6) the  na rco t i c  phase a t  an extreme- 
l y  low l e v e l  of r e f l e x  a c t i v i t y  (4 th  and 6 th  exposures t o  v ib ra t ion ) ,  evidence 

replaced on t h e  day of the  gth v ib ra t ion  by a paradoxical phase a t  a low l e v e l ,  
and then  by a s t a t e  of increased conduct ivi ty  of nerve impulses i n  reac t ions  t o  
intermediate and s t rong  s t imu l i  ( t he  10th  v ib ra t ion  and the  1st day of the 
pos tv ibra t ion  pe r iod ) .  
increase i n  the  l a b i l i t y  of the  nerve centers ,  because on t h i s  day t h i s  animal 
showed a considerable increase  i n  e x c i t a b i l i t y  thresholds  of the  inves t iga ted  
r e f l ex  a r c  ( f i g .  7 , C J 2 ) .  

I n  guinea p ig  No. lo3  ( f i g .  3,B) the  paradoxical phase 

of a sharp i n h i b i t i o n  of reac t ions  t o  a l l  t h r e e  types of st imulus,  was - /62 

The l a t t e r  circumstance apparent ly  i s  evidence of an 

I n  those animals i n  which impairments of r e f l e x  a c t i v i t y  were t raced dur- 
ing the e n t i r e  period of observations,  the  changes of r e f l e x  a c t i v i t y  i n  the  
a f t e r e f f e c t  were i n s i g n i f i c a n t  and f o r  t he  most p a r t  were of the  narcot ic  phase 
type, which was a l s o  evidence of a tendency towards p a r t i a l  r e s t o r a t i o n  of the  
i n i t i a l  func t iona l  s t a t e  of the  inves t iga ted  nerve a rc .  

Thus, a tendency towards r e l a t i v e  and d i f f i c u l t  r e s t o r a t i o n  of r e f l e x  ac- 
t i v i t y  during repeated exposure t o  v ib ra t ion  appears i n  our inves t iga t ion  w i t h  
a de f in i t e  c l a r i t y ,  and from our p o i n t ' o f  view can be a t t r i b u t e d  t o  a t r a n s i -  
t i o n  of the  nerve c e l l s  of the  motor centers  t o  a new funct iona l  l e v e l ,  t h a t  
i s ,  an adaptat ion phenomenon. I n  our opinion, t h i s  i s  supported by successive 
replacement of pa rab io t i c  s t a t e s  with t r a n s i t i o n  of the  motor centers  from a 
s t a t e  of in tense  overexc i ta t ion  t o  the  i n i t i a l  l e v e l  and even t o  a l e v e l  of 
higher l a b i l i t y .  

We bel ieve it improbable t h a t  the  v ib ra t ion  which we used could cause any 
i r r e v e r s i b l e  organic changes i n  the  nervous system which would requi re  i n t e r -  
vention of compensatory mechanisms. S t r u c t u r a l  d i s rupt ions  of the  nerve c e l l s  
of the  sp ina l  cord i n  most cases are discovered during exposure t o  v ib ra t ion  
of g rea t  i n t e n s i t i e s ,  applied over a considerable i n t e r v a l  of t i m e  (Shcherbak, 
1907a,b; Loecle, 1950; Novotny and Uber, 1939; Minetskiy, 1960; Karpova, 
1963a,b). 
A. V. Kol ' tsova,  Ye. S. Meyzerov and Ye. P. Kazanskaya, obtained i n  the course 
of mult iple  exposure of white r a t s  t o  v ib ra t ion  with s imi l a r  parameters 

Other confirmations of t h i s  idea a re  the  da ta  of L. D. Luk'yanova, 

(P. 99) 

It must be emphasized t h a t  we observed the  most c l e a r l y  expressed normal- 
i za t ion  of r e f l e x  a c t i v i t y  only i n  those animals i n  which exposure t o  vibra- 
t i o n  caused a s t rong response r eac t ion  (guinea p igs  Nos. 81, 89 and 103). A 
higher reactance of t he  nervous system apparent ly  f a c i l i t a t e s  a more rap id  



appearance of adapta t ion  mechanisms. 
t h e s i s  t h a t  a d e f i n i t e  l e v e l  of changes must be induced f o r  t h e  appearance of 

N. N. Gurovskiy i n  an i n v e s t i g a t i o n  of t h e  condi t ioned r e f l e x  a .c t ivi ty  of white 
r a t s ,  subjected t o  repeated v i b r a t i o n  wi th  a frequency of 45 cps and an ampli- 
tude of 0.3 mm. The adapta t ion  t o  30-min v i b r a t i o n  a r i s i n g  on t h e  4th-7th day 
of exposure a l s o  pe r s i s t ed  when t h e r e  was an increase  of t h e  t i m e  of i t s  appl i -  
ca t ion  t o  1-1.5 hr .  
v ib ra t ions  was d is rupted  even wi th  an increase  i n  the  du ra t ion  of v ib ra t ion  t o  
30 min (Gurovskiy, 1959). 

Perhaps these  da t a  a l s o  confirm the hypo- 

adaptation i n  t h e  nervous system. A s i m i l a r  conclusion was drawn by - /63 

However, t he  adapta t ion  developing a f t e r  repeated 10-min 

The e f f e c t  of l o c a l  repeated v ib ra t ions  on t h e  func t iona l  s t a t e  of t h e  
unconditioned defense f l e x o r  r e f l e x  was s tudied  i n  a r a b b i t  by N. I. Karpova 
(Galat) .  A f t e r  exposing the  r e a r  paw of t h e  animal t o  v i b r a t i o n  of d i f f e r e n t  
i n t e n s i t i e s  and studying the  i n t e n s i t y  and t h e  t i m e  of t he  reflex development 
of muscular s t r e s s ,  t h e  author concluded t h a t  repeated exposure not only does 
not decrease the  e f f e c t ,  but even i n t e n s i f i e s  it. This conclusion apparent ly  
has only l imi ted  s ign i f i cance .  It follows from t h e  d a t a  reported by the author 
(Galat ,  1960, Karpova, 1963a,b): 
occurs p rec i se ly  i n  t h e  per iod ,  when i n  our inves t iga t ions  as  w e l l ,  d i s rup t ions  
were maximum; unfor tuna te ly ,  the author discontinued exposures a t  t h i s  point ;  
( b )  the e f f e c t  of repeated v ib ra t ion  i n  t h e  experiments of Karpova (Galat)  a l s o  
depended on nagnitudes of t h e  i n i t i a l  changes. The i n i t i a l  exposure t o  5-min 
v ibra t ion  w i t h  a frequency of 20 cps d i d  not cause any change i n  the  value of 
the l a t e n t  period of t he  inves t iga ted  reac t ion ,  which remained wi th in  the  limits 
of the i n i t i a l  f l u c t u a t i o n s .  The second v i b r a t i o n  increased the r e f l e x  t i m e  by 
0.12 see.  A t  the same t i m e ,  10-min v ib ra t ion  wi th  a frequency of 50 cps ( the  
amplitude i n  a l l  cases was 2 mm) a f t e r  t h e ’ f i r s t  exposure caused an increase  i n  
the l a t e n t  period by 0.1 see i n  comparison wi th  the  i n i t i a l  l e v e l .  On the  
o ther  hand, the second v ib ra t ion  no longer produced a f u r t h e r  increase  of t h e  
r e f l e x  t i n e .  It only somewhat increased the i n t e r v a l  during which t h e  l a t e n t  
period of t h e  inves t iga ted  r e f l e x  was maintained a t  such a high l e v e l .  

(a )  t he  maximum cumulation of t he  e f f e c t  

Data ind ica t ing  t h e  presence of a q u i t e  c l e a r l y  expressed inverse  corre- 
l a t i o n  between the changes i n  the  l a t e n t  period value of r eac t ions  t o  a s t rong  
stimulus and the  i n t e n s i t y  of th reshold  s t imu la t ion  a r e  of d e f i n i t e  i n t e r e s t  i n  
our i nves t iga t ion ,  although on t h e  b a s i s  of these  da t a  they  w e r e  not s t a t i s t i -  
c a l l y  r e l i a b l e  ( t a b l e  1). It i s  assumed t h a t  t he  i n t e n s i t y  of th reshold  stimu- 
l a t i o n  i s  the  most important determinant of t h e  e x c i t a b i l i t y  of t h e  r e f l e x  a rc ,  
whereas the  value of t he  l a t e n t  period ( p a r t i c u l a r l y  r eac t ions  t o  a s t rong  
stimulus) t o  a g r e a t e r  degree cha rac t e r i zes  i t s  func t iona l  l a b i l i t y .  

Among animals subjected t o  v i b r a t i o n  10  t i m e s  t h e r e  w a s  a predominance of 
a change i n  the  func t iona l  s t a t e  of t he  inves t iga t ed  reflex arc ,  i n  which 
r e f l e x  e x c i t a b i l i t y  increased ( the  i n t e n s i t y  of the  threshold  stimulus de- 
creased) and phys io logica l  l a b i l i t y  decreased ( t h e  l a t e n t  period of t h e  reac- 
t i o n s  t o  a s t rong  stimulus inc reased ) .  

/64 

There a re  re ferences  i n  the  l i t e r a t u r e  i n d i c a t i n g  t h a t  t h e  appearance o f  a 
d e f i n i t e  d i s s o c i a t i o n  between changes of e x c i t a b i l i t y  and l a b i l i t y  i n  the  nervous 
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system i s  one of the  manifestations of a pa rab io t i c  s t a t e .  In  p a r t i c u l a r ,  the  
s t a t e  of the  nervous system i n  which the re  a re  changes of e x c i t a b i l i t y  and 
l a b i l i t y ,  s imi l a r  t o  those described, i s  adjusted by the  second phase of para- 
b i o s i s  (Golikov, 1957; Andreyeva-Galanina, Butkovskaya, 1960). 

In  any case,  t he  d i f fe rence  i n  the  t rend of changes i n  the  values of both 
parameters, which we  observed, was noted f o r  t h e  most p a r t  i n  the  v ib ra t ion  
period, t h a t  is, a t  the  t i m e  when pa rab io t i c  phase phenomena were most c l e a r l y  
expressed i n  the condi t ion of the  motor centers .  

Comparative ana lys i s  of the  e f f e c t  of twofold and tenfo ld  v ibra t ion  re-  
veals t h a t  repeated exposure t o  a v ib ra t ion  stimulus can cause s t ronger  disrup- 
t i ons  of unconditioned r e f l e x  a c t i v i t y ,  apparent ly  due t o  the  cumulation of 
t h e i r  harmful e f f ec t s .  I n  the  group of animals subjected t o  mult iple  vibra-  
t i on ,  there  was not  a s ing le  animal i n  which there  was a shortening of t he  
l a t e n t  per iods of the  reac t ions  t o  a l l  t h ree  types of s t imu l i .  Twofold vibra-  
t i o n  i n  some of t he  animals caused a s imi l a r  increase i n  unconditioned r e f l e x  
a c t i v i t y ,  which was t raced  during the course of the  e n t i r e  period of the  in-  
ves t iga t ion  (Kuznetsova, 1964a). A t  the  same t i m e ,  among t h e  animals subjected 
t o  tenfold exposure t o  vibrat ion,  there  was a development of  paradoxical phases 
a t  a low l e v e l  i n  the  motor center  and a s t a t e  of extreme i n h i b i t i o n  (narcot ic  
phase a t  an extremely l o w  l e v e l ) ,  which was never observed among animals twice 
exposed t o  v ibra t ion .  

However, the  f a c t  t h a t  i n  animals twice exposed t o  v ib ra t ion  changes i n  
the  func t iona l  s t a t e  of the  inves t iga ted  r e f l e x  a rc  i n  most cases corresponded 
t o  the  t h i r d  phase (decrease i n  r e f l e x  e x c i t a b i l i t y  and physiological  l a b i l i t y ) ,  
while i n  the  case of tenfold vibrat ions--only t o  the second phase of parabios is  
(according t o  N. V. Golikov) 
c l ea r ly  expressed normalization of r e f l e x  a c t i v i t y  i n  the  l a t t e r  case. 

apparently was associated with a r e l a t i v e l y  more 

In  a study by Z. M. Gvozdikova it i s  postulated t h a t  t he  change of t rans-  
mission of nerve impulses i n  the  a rc  of t he  defensive f l e x o r  r e f l e x  i s  de te r -  
mined pr imar i ly  by d is rupt ions  i n  the  i n t e r c a l a r y  neuron, as  the  youngest 
phylogenetically and therefore  a p a r t i c u l a r l y  b r i t t l e  l i n k  (Gvozdikova, 1965 
The l a t e n t  period of unconditioned r e f l e x  motor reac t ions  apparently i s  de ter -  
mined by the s t a t e  of synaptic transmission of nervous exc i t a t ion ,  s ince the 
synapse i s  the  l e a s t  l a b i l e  formation. N. Ye. Vvedenskiy bel ieves  t h a t  t he  
synapse i s  responsible f o r  the  development of a s t a t e  of "pessimum" i n  the  
neuromuscular apparatus.  Such a hypothesis has been proposed by A. V. Lebed- 
insk iy  and Z. N. Nakhil 'nitskaya, who assume t h a t  t he  d is rupt ion  of r e f l e x  ac- 
t i v i t y  should be a t t r i b u t e d  pr imar i ly  t o  a change i n  synapt ic  formations of the  
cen t r a l  p a r t  of the  reflex a rc  (Lebedinskiy and Nakhil 'n i tskaya,  1960). 

p 

A s  demonstrated by our inves t iga t ion ,  t he  e f f e c t  of the  noise of  the  v i -  
b ra t ion  stand (73 ab)  was not i n d i f f e r e n t  t o  the  r e f l e x  a c t i v i t y  of the  inves- 
t iga ted  animals. In  some animals there  was an increase i n  the  conduct ivi ty  of 
the  nerve impulses i n  a l l  react ions,  which ind ica t e s  an increase i n  t h e  l a b i l -  
i t y  of t he  nerve centers  of t he  inves t iga ted  reflex. I n  o the r  animals there  
was a considerable decrease i n  r e f l e x  a c t i v i t y .  On the  day of the  4th exposure 
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t o  noise the re  was an i n h i b i t i o n  of tp transmission of nerve impulses i n  the  
reac t ions  t o  a l l  t h r e e  types  of st imulus.  

There a re  ind ica t ions  i n  t h e  l i t e r a t u r e  t h a t  noise of adequate i n t e n s i t y  
and dura t ion  causes a s t a t e  of ove rexc i t a t ion  and i n h i b i t i o n  i n  cen te r s  of the 
ce reb ra l  cor tex  and s p i n a l  cord (Khaymovich, 1960; Panayoti, 1963; 

Artamonoval, 1964). However, i n  our inves t iga t ions  such changes, observed i n  
some of t h e  animals, were b r i e f .  
turned t o  the  i n i t i a l  l e v e l  a t  t he  same t i m e  a cumulation of e f f e c t s  from re- 
peated exposure t o  v ib ra t ion  i n  t h e  experimental group occurred. 
r e s u l t s  were obtained by N.  N. L i v s h i t s  and Ye. S. Meyzerov i n  an i n v e s t i g a t i o n  
of t h e  conditioned r e f l e x  a c t i v i t y  of white rats mul t ip ly  exposed t o  a noise 
st imulus of s i m i l a r  i n t e n s i t y  (p. 61). 

I n  most cases the  inves t iga t ed  parameters re- 

S imi la r  

Ve believe t h a t  such a r e a c t i o n  of t h e  motor cen te r s  t o  the  e f f e c t  of a 
noise stimulus should be regarded a s  the r e s u l t  of a t t enua t ion  ( s t imu la t ion  or 
i n h i b i t i o n )  from the audi tory  analyzer.  

Summary 

1. Guinea p igs  were exposed t e n  t i m e s  t o  v e r t i c a l  v i b r a t i o n  (70 cps, 
0.4 mm, 15 min). 
of t he  motor defensive r e f l e x  a r c  were observed which p e r s i s t e d  f o r  34 days. 

S ign i f i can t ,  s t a t i s t i c a l l y  r e l i a b l e  changes i n  t h e  conditions 

2. These changes were charac te r ized  by complex changes i n  t h e  value of 
the l a t e n t  period of the inves t iga t ed  unconditioned reflex r e a c t i o n  and t h e  ap- 
pearance of an inverse  c o r r e l a t i o n  between changes i n  t h i s  parameter and the 
i n t e n s i t y  of t he  threshold  stimulus.  

3. The dynamics of changes i n  the  l a t e n t  period of r eac t ions  t o  s t i m u l i  
of various i n t e n s i t i e s  i s  evidence of t h e  development of p a r a b i o t i c  s t a t e s  of 
d i f f e r e n t  i n t e n s i t i e s  and depths i n  the inves t iga ted  r e f l e x  a r c .  

4. This change i n  the func t iona l  s t a t e  of motor cen te r s  predominates 
when r e f l e x  e x c i t a b i l i t y  increases  and phys io logica l  l a b i l i t y  decreases (second 
phase of pa rab ios i s ,  according t o  N. V. Golikov). 

5 .  I n  the f irst  ha l f  of t h e  period of v i b r a t i o n  exposure the re  i s  a cumu- 
l a t i o n  of v i b r a t i o n  e f f e c t s .  Beginning wi th  the  second h a l f ,  t h e r e  i s  a tend- 
ency towards r e l a t i v e  r e s t o r a t i o n  of reflex a c t i v i t y .  I n  t h e  func t ion  of t he  
inves t iga ted  s p i n a l  a r c ,  t h e r e  is a successive replacement of p a r a b i o t i c  phases, 
i nd ica t ing  a t r a n s i t i o n  from a more in t ense  t o  a less in t ense  state of i nh ib i -  
t i o n .  We be l ieve  t h a t  t h i s  phenomenon can be a t t r i b u t e d  t o  a t r a n s i t i o n  of 

'Cited i n  t h e  a r t i c l e :  Ye. Ts.  Andreyeva-Galanina, Some Unsolved Problems i n  
the  Study of Vibra t ion  (0 Mekotorykh nereshennykh voprosakh v ucheni i  o v i -  
b r a t s i i ) ,  Gigiyena t ruda  i profzabolevaniy, No. 8, 37, 1964. 
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motor centers  t o  a new funct iona l  l e v e l ,  e.g., adaptat ion.  The observed adapta- 
t i o n  was incomplete and qu i t e  complicated. 

. 
pend on the  magnitude of i n i t i a l  changes. 

6 .  The completeness of adapta t ion  and t h e  r a p i d i t y  of i t s  appearance de- 

7. Vibrat ion stand noise caused d e f i n i t e  changes i n  the  inves t iga ted  re- 
flex a r c  which were not  s t a t i s t i c a l l y  r e l i a b l e .  

60 



! 

EFFECT O F  VEHIlICAL VIBRATION AND NOISE ON TEE CONDITIONED 
FZFGEXES OF RATS 

N.  N. L ivsh i t s  and Ye. S. Meyzerov 

B STRACT 

Rats were exposed three  times t o  whole-body v e r t i c a l  
The i n t e r v a l  between v ibra t ion  (70 cps, 0.4 mm, 1-5 min). 

the  f irst  and second exposures was 1 4  days, and between the  
second and t h i r d  exposures was 7 days. The con t ro l  animals 
were placed near the operating v ib ra t ion  stand a t  the  time 
the experimental r a t s  were subjected t o  v ib ra t ion .  The 
motor alimentary r e f l exes  of the r a t s  were inves t iga ted .  

f l exes  v ib ra t ion  caused inh ib i t i on ,  wi th  d i s rup t ion  of the  
r e l a t ionsh ip  between t h e  l e v e l  of t he  conditioned r e f l exes  
and the s t imula t ing  f a c t o r .  There were s i g n i f i c a n t  i nd i -  
vidual  d i f fe rences  i n  the responses of higher  nervous ac- 
t i v i t y  t o  v ibra t ion .  I n  some animals t h e  conditioned 
r e f l exes  disappeared e n t i r e l y  under t h e  inf luence of vibra-  
t i on ,  whereas i n  o thers  they  only decreased. 

In  r a t s  with low i n i t i a l  l e v e l  of conditioned r e f l exes  
v ibra t ion  caused an increase i n  the conditioned r e f l exes ,  
d i s i n h i b i t i o n  of d i f f e r e n t i a t i o n ,  and phase phenomena. 

I n  the cont ro l  animals subjected t o  v ib ra t ion  stand 
noise the  changes i n  conditioned r e f l exes  w e r e  considerably 
l e s s  c l e a r l y  expressed than i n  t h e  experimental  animals. 

I n  r a t s  with a high i n i t i a l  l e v e l  of conditioned re-  

/68 It has been demonstrated i n  numerous inves t iga t ions  by c l i n i c i a n s ,  
hygien is t s  and phys io logis t s  t h a t  exposure t o  v i b r a t i o n  causes considerable 
changes of the funct ions,  and when t h e  exposure i s  f o r  a long period, it i s  
a l s o  accompanied by d i s rup t ions  of d i f f e r e n t  p a r t s  of t h e  CNS. 
mental da ta  have been general ized i n  s p e c i a l  summaries (Andreyeva-Galanina, 
1956; Andreyeva-Galanina e t  a l . ,  1961; Borshchevskiy e t  a l . ,  1963; Luk 'yanova; 
1964a).  

Much experi-  

The e f f e c t  of v ib ra t ion  on higher nervous a c t i v i t y  was s tudied by inves-  
t i g a t i n g  the e f f e c t  of t h i s  f a c t o r  on human performance of some t a sks  and by 
the  conditioned r e f l ex  method. 
down of wr i t ing  a standard text,  appearance of e r r o r s  i n  o r a l  counting and de- 
crease i n  accuracy performing motor a c t s  (Terent 'yev, 1959; Cat terson e t  a l . ,  
1962; Borshchevskiy e t  a l . ,  1963; Barvitenko, 1964, and o thers ) .  

I n  sub jec t s  during v ibra t ion ,  t he re  w a s  slowing 
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Vibrat ion e f f e c t s  a l s o  cause changes i n  conditioned r e f l e x  a c t i v i t y .  

Z. M.  Butkovskaya (1952, 1957b) observed an i n h i b i t i o n  o r  d i s t o r t i o n  of 
the  conditioned reflexes i n  human sub jec t s  a f t e r  exposure t o  l o c a l  v ib ra t ion  of 
the  d i s t a l  phalanx of t he  inaex f i n g e r .  
frequency 50 and 100 cps, threshold i n t e n s i t y  o r  3-24 dB above threshold,  dura- 
t i o n  1-5 min. 

The parameters of v ib ra t ion  were: 

V. G. Terent 'yev (1958, 1959, and I. Ya. Borshchevskiy e t  a l . ,  1963) in-  
vest igated the  e f f e c t  of whole-body v e r t i c a l  v ib ra t ion  (10-70 cps, 0.4-2.4 mm, 
durat ion 4 h r )  on t h e  conditioned and unconditioned vascular  r e f l exes  of man. 
A s ing le  4-hr exposure wi th  an ampljtude of 0.4 mm f o r  a l l  these  frequencies  
exerted no s i g n i f i c a n t  inf luence on the inves t iga t ed  ind ices .  A f t e r  repeated 
exposure o r  a f t e r  exposure to g r e a t e r  amplitudes t h e r e  were changes i n  t h e  
conditioned r e f l e x e s ,  both i n  the  d i r e c t i o n  of increase  and decrease.  I n  
some cases d i f f e r e n t i a t i o n s  were d i s inh ib i t ed .  

- / 6 9  

The e f f e c t  of whole-body v ib ra t ion  with a 45 cps frequency, amplitude of 
0.3 mm and a dura t ion  of 1.5 h r  i n  human sub jec t s  caused a lengthening o f  the  
l a t e n t  periods of t h e  motor r e a c t i o n  of choice (Gurovskiy, 1959). 

Lengthening of t he  l a t e n t  periods of t he  conditioned r e f l e x  with o r a l  re- 
inforcement w a s  found i n  n a i l  f ac to ry  workers, subjected t o  the  occupational 
e f f e c t s  of v ibra t ion .  The degree of lengthening of  t h e  l a t e n t  period was re- 
l a t ed  with length  of t i m e  on t h e  job (Zuyev, 1960, 1962). 

V. A. Shabalin (1962), using human subjec ts ,  observed a s t a b i l i z a t i o n  of 
the  l a t e n t  per iods of conditioned motor reflexes a t  a mean l e v e l  wi th  o r a l  re- 
inforcement a f t e r  v ib ra t ion  wi th  a frequency of  15-18/min and an acce le ra t ion  
of 1.5-2 g. 

V. V .  Andrianov (1958, 1960) discovered considerable discrepancies  of  
higher nervous a c t i v i t y  among p a t i e n t s  with a ce reb ra l  form of v ib ra t ion  s ick-  
ness. On t h e  b a s i s  o f  i nves t iga t ions  by t h e  a s soc ia t ive  experiment method 
(used by A. G .  Ivanov-Smolyanskiy) and c l i n i c a l  observations,  the  author  con- 
cluded t h a t  i n  t hese  p a t i e n t s  t he re  was decrease i n  the  i n t e n s i t y  of t he  
inh ib i t i on  process,  increase  i n  t h e  i n e r t i a  of the  s t imula t ion  process and i m -  
pairments of i n t e r a c t i o n  between the  s i g n a l  systems. 

The e f f e c t  of l o c a l  v ib ra t ion  wi th  a frequency of 100 cps on d i f f e r e n t  
p a r t s  of the canine body a t  a small  amplitude (prec ise  parameters were not i n -  
dicated)  induced i n  dogs an increase i n  the  motor defense conditioned r e f l exes  
and d i s i n h i b i t i o n  of d i f f e r e n t i a t i o n s .  After v ib ra t ion  of high amplitude the re  
was ex t inc t ion  of the  conditioned reflexes (Mikheyeva, 1955; Skachedub, 1957). 

S. A.. Karchmazh (1956, 1962) descr ibes  t h e  e f f e c t  of whole-body v e r t i c a l  
v ibra t ion  wi th  a frequency of 20 and 30 cps and amplitudes of 0.40-1.30 mm on 
the motor alimentary reflexes of labora tory  rats.  
lengthening of t he  l a t e n t  per iods and sometimes a l s o  an e x t i n c t i o n  of t he  

Two-hour v ib ra t ion  caused a 
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conditioned r e f l exes .  The 
t i o n  and d id  not depend on 

e f f e c t  was propor t iona l  t o  t h e  amplitude of vibra-  
frequency . 

N.  N .  Gurovskiy (1959) used the  same method i n  an inves t iga t ion  of t h e  
e f f e c t  exer ted on r a t s  by whole-body v e r t i c a l  v ib ra t ion  with a frequency of 45 
cps, amplitude of 0.3 mm and du ra t ion  of 30-40 min. 
were cases  of ex t inc t ion  of conditioned reflexes and d i s i n h i b i t i o n  of 
d i f f e r e n t i a t i o n s .  

Among t h e  animals t h e r e  

I n  dogs, v ib ra t ion  caused a decrease i n  motor and sec re to ry  defense 
r e f l exes .  

Thus, according t o  t h e  da t a  i n  the  l i t e r a t u r e ,  v i b r a t i o n  most f requent ly  
induces decrease o r  d i s t o r t i o n  of pos i t i ve  conditioned reflexes, bu t  cases  of 
t h e i r  increase a re  a l s o  described. The l a t e n t  per iods become longer ,  b u t  some- 
times a re  s t a b i l i z e d  a t  a mean l e v e l .  Some authors  observed d i s i n h i b i t i o n  /70 
of d i f f e r e n t i a t i o n s .  These inves t iga t ions  were made by d i f f e r e n t  methods using 
whole-body and l o c a l  v ibra t ion .  

The purpose of our s tudy was t o  ob ta in  add i t iona l  q u a n t i t a t i v e  da t a  on the  
problem of the  e f f e c t  of whole-body v e r t i c a l  v ib ra t ion  on higher  nervous 
a c t i v i t y  . 

Data and Method 

W e  worked wi th  r a t s ,  using t h e  L. I. Kotlyarevskiy conditioned motor a l i -  
nentary r e f l e x  method. The recording system devised by M. B. Gol'dberg e t  a l .  
(1962) was used, somewhat modified by V. P. Kornil 'yev. 

A seven-member s tereotype w a s  developed among the  rats.  Pos i t i ve  s t i m u l i  
were used: a tone wi th  a frequency of 1000 cps (tone+) and l ight--lamp wi th  an 
i n t e n s i t y  of about 2 W i n  t h e  chamber, each t h r e e  t i m e s  i n  t he  experiment, and 
d i f f e ren t i a t ion - -a  tone with a frequency of 400 cps ( tone-) ,  once during t h e  
experiment. 

The i n t e g r a l  i n t e n s i t y  of t h e  conditioned reflex w a s  determined i n  rela- 
t i v e  u n i t s ,  us ing the  product of t he  amplitudes of the  movements of t h e  s m a l l  
door blocking access  t o  the  food t r ay ,  and the  dura t ion  of the  conditioned 
motor reac t ion .  

This value was determined from the i n t e g r a t o r  i nd ica to r s .  

Food was taken away from t h e  animals fou r  hours p r i o r  t o  t h e  experiment. 
I 

The inves t iga t ions  of t h e  effect  of v ib ra t ion  and noise  began af ter  f i r m  es tab-  
l ishment and s t a b i l i z a t i o n  of t h e  s te reo type ,  carrying ou t  food depr iva t ion  
tests,  and the  e x t i n c t i o n  and r e s t o r a t i o n  of t h e  conditioned reflex t o  tone.  



1 

These t e s t s  were deemed inadequate f o r  obtaining complete information on the  
type of higher  nervous a c t i v i t y ,  bu t  t he  i n i t i a l  conditioned r e f l e x  background 
and some indiv idua l  c h a r a c t e r i s t i c s  of  the  animal could be s tudied during t h e  
preliminary ana lys i s ,  which required 5-8 months. 

The experiments w e r e  conducted on male rats,  sexual ly  mature by the  onset  
of the  processing. Six of these  r a t s  were exposed t o  v ibra t ion ,  and t e n  served 
as  a cont ro l .  P r i o r  t o  t h e  onset of v ibra t ion ,  t h ree  experimental r a t s  (1, 2 
and 20) were used as cont ro ls .  The experimental  group included four  "Wistar" 
and two "August" rats; t h e  con t ro l  group consis ted of s ix  "Wistar" and four  
"August" r a t s .  One of t he  experimental r a t s  ("Wistar" No.  4) d i f f e red  consid- 
erably from t h e  o thers  with respec t  t o  i t s  c h a r a c t e r i s t i c s  of higher nervous 
a c t i v i t y ,  and the  experimental  r e s u l t s  f o r  t h i s  r a t  therefore  were not included 
i n  the  general  s t a t i s t i c a l  processing of t he  da t a  from the  p r i n c i p a l  experi-  
mental group; they  a r e  presented separa te ly .  Each of the  ind iv idua l  experi-  
mental r a t s  had two pa r tne r s  i n  the  cont ro l  group with approximately s imi l a r  

f i ve  experimental and t e n  cont ro l  r a t s  were processed s t a t i s t i c a l l y ,  using t& 
median and Student t e s t s .  

indices  of higher nervous a c t i v i t y .  The r e s u l t s  of t he  experiments on /71 

The experimental r a t s  were exposed t o  whole-body v e r t i c a l  v ib ra t ion  three  
times; t he  v ib ra t ion  had a frequency of 70 cps, amplitude of 0.4 mm and dura- 
t i o n  of 15 min. 
about 75 db. During t h i s  same time, the  cont ro l  r a t s  were i n  ind iv idua l  boxes 
near the  operat ing v ib ra t ion  s tand.  The f i rs t  and second v ibra t ion  periods 
were separated by two weeks, and the  second and t h i r d  v ibra t ions  were separated 
by one week. 

The v ib ra t ion  was accompanied by noise with an i n t e n s i t y  of 

Experimental Resul ts  

The very f i rs t  experiments revealed t h a t  the  noise of the  v ib ra t ion  stand 
induced d e f i n i t e  changes i n  t h e  conditioned r e f l e x e s  of the  r a t s .  P r i o r  t o  the  
onset of v ibra t ion ,  t h ree  experimental r a t s  (Nos. 1, 2 and 20) were exposed 
three times t o  the  inf luence of the  noise of the  v ib ra t ion  s tand,  but  it was 
not possible  t o  f u l l y  ext inguish the  r eac t ion  t o  t h i s  st imulus i n  these r a t s .  

A s  w a s  determined from f u r t h e r  experiments, t h i s  required a l a rge  number 
of repe t i t ions .The  el iminat ion of the  e f f e c t  of the  noise  component, t he re fo re ,  
was accomplished by comparison of the  reac t ions  of t he  experimental and cont ro l  
r a t s .  

In  f ive  r a t s  which we assigned t o  the  main experimental group, the  reac- 
t i o n  t o  exposure t o  v ib ra t ion  was uniform, wi th  sharp quan t i t a t ive  ind iv idua l  
differences.  

The conditioned r e f l exes  decreased i n  a l l  f i v e  r a t s ,  but the  degree of de-  
crease was not i d e n t i c a l l y  expressed. 
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P r i o r  t o  exposure, "August" rats Nos. 20 and 22 w e r e  character ized by a 
high l e v e l  of conditioned r e f l exes ,  with considerable va r i a t ions  i n  t h e i r  mag- 
ni tude from experiment t o  experiment and frequent  cases  of ex t inc t ion .  
force r e l a t ionsh ips  were co r rec t  i n  -the overwhelming major i ty  of experiments, 
d i f f e r e n t i a t i o n s  were expressed w e l l ,  bu t  w e r e  unstable .  
the r a t s  were extremely mobile, f requent ly  turn ing  away from the  food t r a y .  

The 

During t h e  experiment 

Deprivation of food caused a d i s rup t ion  of d i f f e r e n t i a t i o n s .  I n  t h i s  
case i n  r a t  No. 20 t h e  conditioned r e f l exes  increased,  bu t  i n  ra t  No. 22 the  
conditioned r e l f exes  on t h e  f i r s t  days of s t imula t ion  w e r e  absent i n  t h i s  
experiment. 

After the  f irst  exposure t o  v ibra t ion ,  t h e  conditioned r e f l exes  i n  these  
r a t s  disappeared completely on the  days of v ib ra t ion  ( t h e  experiment w a s  con- 
ducted immediately a f t e r  v ib ra t ion ) .  On the  following days the  conditioned 
r e f l exes  i n  r a t  No. 22 were manifested i n  some of t he  p o s i t i v e  s t imu l i ,  re- 
maining low. The values of t h e  conditioned r e f l exes  changed i n  a wavelike 
fashion.  The experiments i n  which conditioned r e f l e x e s  were absent  were re- 
placed by experiments wi th  decreased condi t ion re f lexes ;  r e s t o r a t i o n  of 
the i n i t i a l  l e v e l  of conditioned r e f l e x  a c t i v i t y  d i d  not  occur during the  two 
weeks a f t e r  the f i r s t  v ib ra t ion  per iod.  

/72 

A s imi l a r  p i c tu re  was observed on the  f i r s t  days a f t e r  v ib ra t ion  i n  r a t  
No. 20, bu t  conditioned r e f l exes  were absent only on t h e  day of exposure; be- 
ginning w i t h  t h e  e igh th  day a f t e r  v ibra t ion ,  t he re  began a r e s t o r a t i o n  of the  
i n i t i a l  l e v e l  of the  conditioned reflex a c t i v i t y .  Rats Nos. 1 and 2 of the 
"Wistar" l i n e  p r i o r  t o  exposure were character ized by high conditioned r e f l exes ,  
always with co r rec t  force  r e l a t ionsh ips ,  s t a b l y  p e r s i s t i n g  a t  a constant l e v e l  
f o r  a number of months, and absolute  d i f f e r e n t i a t i o n s .  

After  exposure t o  v ibra t ion ,  t he re  w a s  an i n d i s t i n c t  decrease i n  the posi-  
t i v e  conditioned r e f l exes  i n  both r a t s ,  i n  con t r a s t  t o  r a t s  N o s .  20 and 22, not 
reaching zero.  On the  following days the values of t he  conditioned r e f l exes  
decreased and increased i n  wavelike fashion.  A full r e s t o r a t i o n  t o  the i n i t i a l  
l e v e l  was observed on the  s ixth-seventh day. 

I n  r a t  N o .  18 ("Wistar" l i n e )  t he  conditioned r e f l exes  were very high, 2-3 
times higher than i n  a l l  o ther  r a t s  of t he  p a r t i c u l a r  breed used both i n  t h i s  
and i n  o ther  p a r a l l e l  s tud ie s .  The values of t h e  reflexes var ied a t  a high 
l e v e l ;  d i f f e r e n t i a t i o n  was r e l a t i v e .  The r a t i o  of the  i n t e n s i t y  of t h e  reac-  
t i o n  t o  d i f f e r e n t i a t i o n  t o  the i n t e n s i t y  of t h e  r eac t ion  t o  t h e  pos i t i ve  

st imulus paired wi th  it, (index - tone-), averaged 38 percent .  Normally, t he re  tone+ 

w e r e  phase phenomena a t  low and high l e v e l s  and an incomplete u l t raparadoxica l  
phase. 
cont ro l  group f o r  t h i s  r a t ,  bu t  s ince  it was the  most r e s i s t a n t  t o  t h e  e f f e c t  
of v ibra t ion ,  w e  included the  da t a  obtained f o r  it i n  the  s t a t i s t i c a l  proc- 
ess ing .  They could only decrease,  and i n  no case increase  the  d i f fe rence  be- 
tween the  experimental and cont ro l .  A f t e r  the  first exposure t o  v ibra t ion ,  t he  

We were not  able t o  s e l e c t  any completely corresponding par tners  i n  the  
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Figure 1. Effec t  of v ib ra t ion  and 
noise  on mean t o t a l  value of condi- 
t ioned r e f l exes  t o  pos i t i ve  s t imu l i  
( r a t s  of main group) .  Along x-axis 
--time a f t e r  exposure, i n  weeks. 
Along y-axis--mean t o t a l  value of 
i n t e n s i t y  of conditioned r e f l e x e s  
i n  experiment, expressed i n  percent  
of  i n i t i a l  background, assigned 
value of 100 percent.  Mean in ten-  
s i t y  of r e f l e x  p r i o r  t o  exposure 
w a s  computed with da ta  from 20-30 
experiments on each r a t  of p a r t i c -  
u l a r  group; a f t e r  exposure--based 
on da ta  from 6 experiments. 
exposed t o  combined v ib ra t ion  and 
noise;  2, r a t s  exposed t o  noise  of 
v ib ra t ion  stand; arrows ind ica t e  
t i m e s  of exposure. 

1, Rats 

decrease of the values of the  conditioned r e f l exes  i n  t h i s  r a t  was the  most 
c l ea r ly  expressed and was observed only d i r e c t l y  a f t e r  exposure. 

The r eac t ion  t o  subsequent exposures changed d i f f e r e n t l y  i n  various r a t s .  
There was a gradual  increase  i n  the  r eac t ion  wi th  an increase  i n  the  number 
of v ibra t ions  ( ra t  No. 18). A t  the  same time we recorded gradual a t tenuat ion  
of the  reac t ions  ( r a t  No. 20) ,  and a weaker r eac t ion  t o  t h e  second exposure 
and a considerably enhanced r eac t ion  t o  the  t h i r d  exposure ( r a t s  NOS.  1 and 2) 
and inverse r e l a t i o n s  ( r a t  No. 20). 

Figure 1 shows the  changes of the  mean t o t a l  i n t e n s i t y  of the conditioned 
r e f l exes  i n  the con t ro l  and experimental groups. 

The d i f fe rences  between the  experiment and cont ro l  with respect  t o  t h i s  
index were r e l i a b l e  according t o  the  median t e s t  (P < 0.01). It i s  i m -  /73 
possible  t o  judge the  changes of the  reac t ion  t o  repeated exposures on the  
bas i s  of averaged da ta  due t o  the  nonuniformity of these phenomena i n  d i f -  
f e r en t  animals. 
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Figure 2. E f fec t  of v ib ra t ion  and noise  
on mean i n t e n s i t y  of pos i t i ve  condi- 
t ioned r e f l exes  t o  1000 cps tone (tone+) 
and l i g h t  ( r a t s  of main group). Along 
y-axis--mean i n t e n s i t y  of conditioned 
r e f l ex ,  expressed i n  percent of i n i t i a l  
background, assigned value 100 percent .  
l a ,  2a, Tone+, 1, 2, l i g h t .  , Remaining 
nota t ions  same a s  i n  f igu re  1. 

compensation 
u r  experiments a f t e r  a l a rge  number of exposures, 

leading t o  weak r eac t ions  t o  mult iple  expo - 
nd a t t r i -  

t i o n  of these  mechanisms and i n t e n s i f i c a t i o n  of t he  v ib ra t ion  e f f e c t  appeared 
considerably l a t e r  ( see  a r t i c l e s  by I,. D. Luk’yanova e t  a l . ,  and M. A. Kuznet- 
sova, t h i s  volume). 
iments, bu t  it was, never the less ,  poss ib le  t o  check the  r e p r o d u c i b i l i t y  of t he  
v ib ra t ion  e f f e c t s .  

Therefore we could not  d e t e c t  these  phenomena i n  our exper- 

The decrease i n  conditioned r e f l exes ,  both with r e spec t  t o  mean t o t a l  in- 
t e n s i t y  and sepa ra t e ly  f o r  s t rong and weak s t i m u l i ,  remained s t a b l e  during the  
e n t i r e  period of t he  exposure ( f i g s .  1 \and 2) .  

The influence of t he  v ib ra t ion  stand noise on conditioned r e f l e x  
a c t i v i t y  d i f f e red  appreciably from the  e f f e c t  of v ibra t ion .  The mean t o t a l  
i n t e n s i t y  of the conditioned r e f l e x  d i f f e r e d  only a f t e r  the  first exposure t o  
noise;  a f t e r  t he  second it returned t o  the  i n i t i a l  l e v e l ;  after t h e  t h i r d  it 
considerably exceeded the i n i t i a l  l e v e l .  The d i f fe rence  between t h e  experi-  
mental and cont ro l  groups with r e spec t  t o  t h i s  index was r e l i a b l e  according t o  
the  median (P < 0.01). 

/74 

The decrease i n  the reflex t o  a s t rong  stimulus a t  a l l  s t ages  of t h e  in- 
ves t iga t ion  was sharper  i n  the  experimental  group ( f i g .  2); t h e  d i f fe rences  
were s t a t i s t i c a l l y  r e l i a b l e  according t o  the  median (P < 0.05). The most 
c l e a r l y  expressed decrease i n  t h i s  index a f t e r  the  first exposure was not  
observed i n  a l l  animals and w a s  no t  r e l i a b l e .  
decreased i n  the  con t ro l  group only a f t e r  t he  f i r F t  exposure t o  noise ,  and 

The conditioned r e f l e x  t o  l i g h t  
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Figure 3. E f fec t  of v ib ra t ion  and noise  
on mean l a t e n t  per iods of t he  conditioned 
r e f l exes  ( ra t s  of main group) .  
Along y-axis - -  mean values of l a t e n t  
per iods,  expressed i n  percent  of  i n i t i a l  
background, assigned value 100 percent .  
l a ,  2a, Tone 1000 cps; 1, 2, l i g h t .  R e -  
maining nota t ions  same a s  i n  f i g .  1. 

a f t e r  fu r the r  exposures it increased.  The d i f fe rences  between the  experimental  
and cont ro l  groups were so obvious, t h a t  t he re  w a s  no need of s t a t i s t i c a l  
checking of r e l i a b i l i t y  ( f i g .  2 ) .  

The l a t e n t  per iods of pos i t i ve  conditioned r e f l exes  t o  both s t imu l i  
lengthened under t h e  inf luence of v ibra t ion ;  t h e  most s i g n i f i c a n t  lengthening 
was a f t e r  the  t h i r d  exposure ( f i g .  3) .  By t h i s  t i m e  there  was a c l e a r  d i f -  
ference between the  experimental  and cont ro l  groups. I n  the  l a t t e r  t he re  was 
a l s o  lengthening of t he  l a t e n t  period of t he  conditioned r e f l exes ,  however, by 
the  t h i r d  exposure t h i s  r eac t ion  w a s  completely extinguished, whereas i n  the  
experimental group t h e  changes were maximal under s imi l a r  condi t ions.  

The l a t e n t  period of the  conditioned reflex r e f l e c t s  not  only the  in t en -  
s i t y  of t he  s t imula t ion  process,  bu t  mobi l i ty  as w e l l .  Y e .  Ts .  Andreyeva- 
Galanina and Z. M. Butkovskaya (1960) discovered i n  c e r t a i n  workers subjected 
t o  i n d u s t r i a l  v ib ra t ion  a decrease i n  e x c i t a b i l i t y  and increased l a b i l i t y  
of the muscles of t he  thenar  group, which i s  one of the i n i t i a l  phases of 
development of t h e  pa rab io t i c  process.  We the re fo re  checked the  correspondence 
of the  dynamics of t h e  changes of the  l a t e n t  per iod of t he  conditioned r e f l exes  
and changes of t h e  i n t e n s i t y  of t h i s  index. Dissoc ia t ion  phenomena (shor t -  /75 
ening of the  l a t e n t  period wi th  decrease of t he  i n t e n s i t y  of the  conditioned 
r e f l e x )  were discovered i n  two experimental rats, but s imi l a r  phenomena were 
equal ly  common i n  the  cont ro l  group. It i s  poss ib le  t h a t  the  negative r e s u l t  
can be a t t r i b u t e d  t o  the  f a c t  t h a t  t he  increase  of mobi l i ty  i n  our experiments 
was masked by a considerable decrease of e x c i t a b i l i t y .  

The number of cases  of d i s rup t ion  of co r rec t  fo rce  r e l a t i o n s h i p s  a f t e r  ex- 
A s  mentioned above, posure t o  v ib ra t ion  increased r e l i a b l y  (P < 0.05, f i g .  4).  
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Figure 4. Influence of v i b r a t i o n  and 
noise on number of phase phenomena 
( r a t s  of main group).  Along y-axis-- 
change of number of phase phenomena 
i n  comparison wi th  i n i t i a l  background. 
Phase phenomena expressed i n  percent  
of number of conditioned r e f l e x e s  
present .  a, Rats subjected t o  com- 
bined v ib ra t ion  and noise;  b, r a t s  
subjected t o  noise of v ib ra t ion  stand. 
Lines on ba r s  represent  mean e r r o r ,  
mul t ip l ied  by t corresponding t o  
P < 0.05. 

under the influence of v ib ra t ions  the re  was an increase  i n  the  number of ex t inc-  
t i o n s  of conditioned r e f l exes ,  and experiments occurred i n  which conditioned 
r e f l exes  were absent.  Therefore, f o r  comparison wi th  the i n i t i a l  l e v e l ,  w e  de- 
termined the r a t i o  of t h e  number of phase phenomena t o  t h e  number of conditioned 
r e f l exes  present ,  no t  t h e  mean number of phase phenomena i n  the experiment. 

I n  the  overwhelming major i ty  of cases i n  t h e  animals of t h i s  group the re  
were adjustment, paradoxical and u l t r apa radox ica l  phases present  a t  a low l e v e l .  
I n  rats f o r  which these phenomena were a l s o  normally c h a r a c t e r i s t i c ,  t h e i r  
number increased. After exposure t o  v ib ra t ion ,  phase phenomena a t  a low l e v e l  
were a l s o  noted i n  those animals f o r  which they  were never normally observed 
(rats Nos. 1 and 2) .  

In r a t  No .  18, a f t e r  t he  t h i r d  v ib ra t ion  exposure, a complete ultraparadox- 
i c a l  phase was recorded, which had never been observed e a r l i e r .  

I n  the  con t ro l  group the  number of phase phenomena increased, bu t  t h i s  i n -  
crease was l e s s  s i g n i f i c a n t  than  i n  the  experimental group. 

I n  con t r a s t  t o  t h e  experimental r a t s ,  i n  t h e  con t ro l  animals $he increase  
i n  the number of phase phenomena i n  comparison wi th  t h e  i n i t i a l  background was 
not s t a t i s t i c a l l y  r e l i a b l e ,  desp i t e  t he  fac-b t h a t  t he  number of animals i n  t h i s  
group was twice a s  g r e a t ,  which increased t h e  p o s s i b i l i t y  of d e t e c t i o n  of t he  
r e l i a b i l i t y  of t h e  changes. 

I n  those r a t s  i n  which t h e  decrease i n  conditioned reflexes caused by 
v ib ra t ion  was not  very sharp, t h e  d i f f e r e n t i a t i o n s  w e r e  d i s i n h i b i t e d  ( r a t s  N o s .  
1, 2 and 18). I n  these  same cases,. when v i b r a t i o n  caused a considerable 
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depression of t h e  conditioned r e f l exes ,  t h e  r eac t ions  t o  d i f f e r e n t i a t i o n  
weakened. This was expressed not  only i n  a decrease of t he  absolute values of 

the reac t ions ,  bu t  a l s o  i n  a decrease of t h e  index tone- ( r a t s  Nos. 20 and 22). tone-t 

I n  the  con t ro l  group the  d i s i n h i b i t i o n  of d i f f e r e n t i a t i o n s  was observed 
i n  two r a t s ;  no dependence was discovered between the d i s i n h i b i t i o n  of d i f f e r -  
e n t i a t i o n s  and change i n  the i n t e n s i t y  of t he  p o s i t i v e  conditioned r e f l e x .  The 

cannot be considered r e l i a b l e  on t h e  b a s i s  of our ma te r i a l .  
differences between experimental and con t ro l  wi th  r e spec t  t o  t h i s  index - /76 

In  one r a t  (No.  4) t h e r e  were sharp d i f f e rences  from the  remaining experi-  
mental animals a l r eady  apparent during prel iminary processing. The conditioned 
re f lexes  f o r  t h i s  r a t  were very low i n  i n t e n s i t y :  
absent.  Often it took food only a f t e r  a d d i t i o n a l  st imulus (a  knock on the  food 
t r a y ) ,  and sometimes took no food a t  a l l .  
f 'urther weakened the  a r t i f i c i a l  and na tu ra l  conditioned r e f l exes ,  on the  b a s i s  
of which we concluded t h a t  i t s  e x c i t a t i o n  processes were extremely weak. 

84 percent of them were 

Daylong depr iva t ion  of food s t i l l  

I n  t h i s  r a t  the noise o f  t h e  v ib ra t ion  stand caused a decrease i n  pos i t i ve  
conditioned re f lexes ;  a f t e r  t h e  f i r s t  exposure t h e r e  was a l s o  d i s i n h i b i t i o n  of 
d i f f e r e n t i a t i o n s ,  which ind ica ted  a weakness of t he  i n h i b i t i o n  process a s  w e l l .  
After t r i p l e  exposure t o  noise, conditioned r e f l e x e s  and r eac t ions  t o  d i f f e ren -  
t i a t i o n  f e l l  t o  zero and remained a t  t h i s  l e v e l  f o r  two weeks. The f i r s t  ex- 
posure t o  v ib ra t ion  was ca r r i ed  out a g a i n s t  t h i s  background. The i n t e n s i t y  of 
the conditioned r e f l exes  immediately increased, exceeding t h e  i n i t i a l  l e v e l ,  
but the l a t e n t  periods decreased ( f i g s .  5 and 6) .  During the  second week a f t e r  
exposure the  conditioned r e f l e x e s  increased sharply.  After t he  second and 
t h i r d  exposures the  conditioned r e f l exes  began t o  decrease, but remained above 
the i n i t i a l  l e v e l .  Simultaneously wi th  an increase  i n  conditioned r e f l exes ,  
t he re  was a decrease i n  t h e  number of r e j e c t i o n s  of food. During the l a s t  
week p r i o r  t o  the onset of exposure t o  v ib ra t ion  t h e r e  were 21 r e j e c t i o n s  of 
food, and a f t e r  t he  second exposure on ly  four.  A t  t he  same time, the condi- 
tioned r e f l e x  background remained unstable,  and inc reases  i n  conditioned re- 
flexes a l t e rna ted  wi th  t h e i r  decrease t o  zero. By t h i s  time d i f f e r e n t i a t i o n  

tone- was d i s inh ib i t ed  ( f i g .  7),  but t he  index decreased. 

The increase i n  p o s i t i v e  conditioned r e f l e x e s  was accompanied by an /77 
increase i n  the  number of phase phenomena t o  t h e  number of conditioned r e f l e x e s  
present ,  from 6 t o  31 percent.  A n  adjustment phase a t  a high l e v e l  a f t e r  t h e  
f irst  v ibra t ion  exposure was apparent, even on t h e  b a s i s  of averaged data f o r  
t he  ind ices  of t he  i n t e n s i t y  of t he  conditioned r e f l e x  ( f i g .  5 )  and f o r  t he  
l a t e n t  periods ( f i g .  6 ) .  The number of phase phenomena d i d  not change under 
the influence of noise .  Cases of c l e a r l y  expressed negativism a l s o  a t t e s t e d  
t o  defectiveness of t he  e x c i t a t i o n  process during t h e  period of exposure t o  
vibrat ion.  

P r i o r  t o  the  onse t  of exposure the r a t  was completely adapted t o  t h e  ex- 
perimental conditions,  and when placed i n  the conditioned reflexes chamber 
exhib i ted  no defense r eac t ions .  A f t e r  t h e  onse t  of v ib ra t ion  t h e  r a t ,  when 



Figure 5.  Effec t  of v ib ra t ion  and noise 
on mean value of conditioned r e f l exes  i n  
r a t  N o .  4. 
Along y-axis  -- mean i n t e n s i t y  of condi- 
t ioned r e f l exes  i n  r e l a t i v e  u n i t s .  
l a ,  2a, Tone 1000 cps; 1, 2, l i g h t .  
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Figure 6. E f fec t  of v ib ra t ion  and noise 
on mean l a t e n t  per iods of conditioned 
r e f l exes  i n  ra t  N o .  4. 
Along y-axis  -- mean l a t e n t  per iods of 
conditioned r e f l exes ,  i n  see.  Remaining 
nota t ions  same as  i n  f i g .  1. 

placed i n  the  chamber, or i n  the  pauses between v ibra t ion ,  began t o  e x h i b i t  
motor exc i t a t ion ,  it attempted t o  escape from the  chamber and became aggressive.  
During v ib ra t ion  t h e r e  were seven cases of negativism, and only one such case 
i n  the period of exposure t o  noise .  Once such a r eac t ion  w a s  observed p r i o r  t o  
an experiment with high conditioned r e f l exes .  The d i s t o r t e d  behavior of the 
r a t  can be regarded as a manifestat ion of t h e  u l t r apa radox ica l  phase. 
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Figure 7. Effect of vibration and noise 
on differentiated inhibition of rat NO. 4. 
Along y-axis--mean intensity of reaction 
to differentiation (tone 400 cps) in re- 
lative units. Remaining notations same as 
in figure 1. 

These observations indicate the extreme inadequacy of the excitation /78 
process in this period as well. The brevity of the increase in conditioned re- 
flexes is also indicative of this. The decrease in conditioned reflexes after 
the third exposure was accompanied by adjustment phases at a low level (fig. 5). 

Discussion of Results 

The mechanism of natural inhibition plays a significant and possibly a 
decisive role in the changes of conditioned reflexes caused both by the effect 
of noise and by the effect of vibration. Exposure to noise under experimental 
conditions is a well-known method for provoking natural inhibition. Vibration, 
as an extreme stimulus causing a sharp intensification of peripheral impulsa- 
tion, can also create powerful natural inhibition. In the changes in conditioned 
reflexes during vibration which we observed, there were all characteristics 
typical of natural inhibition: in rats with a high initial conditioned reflex 
level the conditioned reflex level the conditioned reflexes decreased. In those 
cases with not very clearly expressed decrease of the conditioned reflexes, 
there was disinhibition of differentiation. In rat No. 4, due to the weakness 
of the principal nerve processes, the exposure to noise caused a state of pro- 
tective inhibition. Z. N. Andreyeva (1964) pointed out that natural inhibition 
can cause disinhib2tion of protective inhibition. This phenomenon was observed 
in rat No. 4. 

At the same time, there are appreciable differences between the effects of 
exposure to noise and combined exposure to vibration and noise. 

The decrease in the intensity of the conditioned reflex to tone+ (strong 
stimulus) in the main group of rats, after exposure to the combination of these 
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f a c t o r s ,  was sharper than a f t e r  exposure t o  noise i n  a l l  t h r e e  exposures. 
conditioned r e f l e x  t o  l i g h t  a f t e r  combined exposure decreased during t h e  e n t i r e  
period of t h e  exposures, bu t  under the  influence of noise the  conditioned 
r e f l e x  decreased i n s i g n i f i c a n t l y  and un re l i ab ly  only a t  t he  beginning, and then  
exceeded the  i n i t i a l  l e v e l .  The d i f f e rence  between t h e  t o t a l  i n t e n s i t y  of t h e  
conditioned r e f l exes  i n  t h e  experimental and con t ro l  groups was s t a t i s t i c a l l y  
r e l i a b l e  even on the  b a s i s  of our l imi ted  da ta .  

The 

Vibrat ion i n  combination wi th  noise exerted a sharp ly  expressed general-  
ized depression e f f e c t  on pos i t i ve  conditioned r e f l exes ,  which pe r s i s t ed  during 
a l l  t h ree  exposures, a t  t h e  same t i m e  t h a t  t h e  depressing e f f e c t  of noise was 
loca l i zed  pr imar i ly  i n  the audi t ing  analyzer.  Despite t h e  f a c t  t h a t  t he  in- 
crease i n  the  conditioned r e f l e x  t o  l i g h t  i n  the con t ro l  group created condi- 
t i o n s  f o r  the appearance of phase phenomena a t  a high l e v e l ,  t h e  number of f u l l  
adjustment and paradoxical phases increased i n s i g n i f i c a n t l y  and unre l iab ly ,  - /79 
whereas i n  the experimental group the  increase  i n  the  number of phase phenomena 
was s t a t i s t i c a l l y  r e l i a b l e ,  and the  d i s rup t ion  of t h e  proper force r e l a t ionsh ips  
developed a t  a low l e v e l .  

A n  increase i n  the number of phase phenomena was a l s o  observed i n  r a t  N o .  
4, desp i t e  the f a c t  t h a t  according t o  o ther  ind ices  i t s  r e a c t i o n  t o  v ib ra t ion  
d i f f e r e d  appreciably from the  r eac t ions  of t h e  r a t s  of t he  main group. This 
g ives  us a basis  f o r  assuming t h a t  t he  i n h i b i t i o n  caused by exposure t o  com- 
bined v ib ra t ion  and noise was p ro tec t ive  i n h i b i t i o n .  The r e s u l t s  of our exper- 
iments agree with the da ta  i n  the l i t e r a t u r e .  

The d i s t o r t i o n  of t he  conditioned vascular r e a c t i o n  i n  human sub jec t s  dur- 
ing v ib ra t ion  can be in t e rp re t ed  as  an u l t r apa radox ica l  phase (Butkovskaya, 
1952, 1957a,b; Terent 'yev, 1958, 1959). Phase phenomena i n  t h e  cortex were a l s o  
noted by authors who inves t iga ted  t h e  e f f e c t  of v i b r a t i o n  on t h e  electroenceph- 
alogram (Shpi l 'berg  and Mel'kumova, 1960; Volkov e t  a l . ,  1960, and o t h e r s ) .  

Parabio t ic  phenomena i n  the lower p a r t s  of t he  CNS as  a r e s u l t  of exposure 
t o  v ib ra t ion  have a l s o  been discovered by a number of i n v e s t i g a t o r s  (Andreyeva- 
Galanina, 1956; Pavlova, 1958; Drogichina e t  a 1  . , 1961; Abramovich-Polyakov, 
1962; Stoma, 1964; Kuznetsova, 1964a, and o the r s ) .  

Many authors c o r r e c t l y  r e l a t e  pa rab io t i c  phenomena t o  a sharp i n t e n s i f i c a -  
t i o n  of per iphera l  impulsation caused by exposure t o  v ib ra t ion .  The flow of 
impulses from the  s k i n  r ecep to r s ,  muscles, j o i n t s  and t h e  v e s t i b u l a r  apparatus 
i s  excessive and causes pa rab io t i c  phases i n  the  pe r iphe ra l  and lower p a r t s  of 
t h e  CNS and p ro tec t ive  i n h i b i t i o n  i n  t h e  cortex.  I n  t h e  func t iona l  changes in- 
duced by the  e f f e c t  of v ib ra t ion  i n  higher p a r t s  of t h e  b ra in ,  an important 
r o l e  i s  played by the  e f f e c t  of v ib ra t ion  on the  r e t i c u l a r  formation of the 
midbrain. I n  r a b b i t s ,  f i rs t  in j ec t ed  with substances blocking chol inerg ic  and 
adrenergic s t r u c t u r e s  of t he  r e t i c u l a r  formation, t he  e f f e c t  of v ib ra t ion  d id  
not cause s t a b l e  changes i n  t h e  b i o e l e c t r i c  a c t i v i t y  of t h e  cortex and r e t i c u -  
l a r  formation (Adreyeva-Galanina, Artamonova, 1963). It i s  a l s o  poss ib le  t o  
pos tu l a t e  p a r t i c i p a t i o n  of hormonal f a c t o r s  i n  t h i s '  r eac t ion ,  because during 
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exposures t o  v i b r a t i o n  
of the adrenal glands.  
or prolonged exposures 
and Weltman, 1965). 

t h e r e  w a s  a change i n  the a c t i v i t y  of the c o r t i c a l  l a y e r  
True, these phenomena were observed during more i n t e n s e  

than  used i n  our experiments (Tarasova, 1963; Sackler 

Conclusions 

1. The combined e f f e c t  of v ib ra t ion  (70 cps, 0.4 mm, 1.5 min) and t h e  noise  
of a v ib ra t ion  s tand,  wi th  an i n t e n s i t y  of about 75 db on conditioned r e f l e x e s  
and the  e f f e c t  of t h e  noise  component of t h i s  st imulus d i f f e r  appreciably.  

I n  the f i r s t  case, i n  f i v e  of the s i x  experimental animals t he re  was a - /80 
generalized i n h i b i t i o n  of t h e  conditioned r e f l e x e s ,  and i n  t h e  second a consid- 
e rab ly  l e s s  c l e a r l y  expressed l o c a l  i n h i b i t i o n  i n  the  audi tory  analyzer.  

2. The changes i n  t h e  conditioned r e f l e x  a c t i v i t y  of r a t s  a r i s i n g  during 
combined exposure t o  v ib ra t ion  and noise depend on the  ind iv idua l  cha rac t e r i s -  
t i c s  of higher nervous a c t i v i t y  and i n i t i a l  conditioned r e f l e x  background. 

In  r a t s  wi th  a high l e v e l  of conditioned r e f l e x e s  the re  was development 
of p ro tec t ive  i n h i b i t i o n .  I n  r a t s  with low-level conditioned r e f l exes  the re  
was d i s i n h i b i t i o n  of conditioned r e f l exes  and d i f f e r e n t i a t i o n s  and phase 
phenomena. 

Hypotheses on the mechanism of these phenomena are  presented. 
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THE FUNCTIONAL SIGNIFICANCE OF CHANGES I N  THE BIOELECTRIC ACTIVITY 
OF THE BRAIN AND ITS OXIDATING CAPACITY DURING VIBRATION 

L. D. Luk'yanova and Ye .  I?. Kazanskaya 

ABSTRACT 

Exposure t o  whole-body v e r t i c a l  v ib ra t ion  (70 cps, 0.4 mm, 
15 min) causes the  appearance of a s t a b l e  locus of e x c i t a t i o n  
i n  higher regions of the  CNS, accompanied by increased oxygen 
consumption and hypersynchronization of lpw-frequency o s c i l l a -  
t i ons  i n  the  EEG. 

The phase of general ized e x c i t a t i o n  and the  subsequent 
concentrat ion of the  e x c i t a t i o n  process a r e  observed i n  the  
sensorimotor and v i s u a l  regions of the  ce reb ra l  cor tex.  

cont r ibu t ing  t o  the  decrease i n  s e n s i t i v i t y  t o  v ib ra t ion  occur 
i n  connection with a decrease i n  e x c i t a t i o n  processes.  

It i s  shown t h a t  t he  compensatory-adaptative mechanisms 

Present ly  the  g r e a t  s e n s i t i v i t y  of the  higher  p a r t s  of t h e  CNS t o  /sl 
s t imula t ion  by v ib ra t ion  i s  completely obvious. W e  demonstrated e a r l i e r  t h a t  
even 1 min a f t e r  onset of t h i s  s t imulus,  oxygen consumption changes sharply a t  
d i f f e r e n t  l e v e l s  i n  the b r a i n  (Luk'yanova, 1964). For t he  purpose of broaden- 
ing the p o s s i b i l i t i e s  f o r  ana lys i s  of the  observed changes and a broader under- 
standing of the  mechanism of the  v ib ra t ion  e f f e c t ,  we conducted inves t iga t ions  
of the b i o e l e c t r i c  a c t i v i t y  of t he  ce reb ra l  cor tex and some subcor t i ca l  s t ruc -  
t u re s ,  i n  addi t ion  t o  a s tudy of oxidat ion processes.  

I n  the  r e l a t i v e l y  few s t u d i e s  devoted t o  an inves t iga t ion  of e lec t roen-  
cephalograms ( E a )  d i r e c t l y  a t  the  time of v ib ra t ion  (Volkov and Chirkov, 1955; 
Volkov, Kandaurova and Rumyantsev, 1960) it was noted t h a t  low-frequency vibra-  
t i o n  up t o  50 cps can cause changes i n  the  EM: i n  the  form of a depression of 
the alpha rhythm, replaced with prolonged exposure t o  the  s t imulus (not  l e s s  
than an hour) by i t s  rise, followed again by a decrease.  

I. Ya. Borshchevskiy e t  a l .  (1963) inves t iga ted  a w i d e  range of frequen- 
c i e s  (from 10  t o  70 cps)  wi th  d i f f e r e n t  amplitude c h a r a c t e r i s t i c s ,  and d i s -  
covered b i o e l e c t r i c  changes arising i n  t h e  b r a i n  during the  per iod of exposure 
t o  v ib ra t ion  and unre la ted  t o  t h e  frequency-amplitude c h a r a c t e r i s t i c  of the  
l a t t e r .  I n  the  opinion of t he  authors,  the  changes were manifested e i t h e r  i n  
an increase i n  t h e  tonus of t h e  e x c i t a t i o n  process ( increased l a t e n t  period of 
alpha waves during the  c los ing  of the eyes, replacement of the  alpha rhythm by 

75 



I 

a be ta  rhythm) or i n  an i n t e n s i f i c a t i o n  of i n h i b i t i o n  processes (more rap id  ap- 
pearance of alpha waves during the  c los ing  of t h e  eyes) .  This study shows t h a t  
exposure t o  s t ronge r  v ib ra t ion  parameters causes an i n t e n s i f i c a t i o n  of i nh ib i -  
t i o n  during a t t enua t ion  of the  s t imu la t ion  process.  The au thors  note i n  ind i -  
vidual cases t h e  appearance on t h e  EEG of slow waves wi th  a frequency of 2-6 cps 
during and a f t e r  v ibra t ion ;  t hey  i n t e r p r e t  these  waves as confirmation of 
i n t e n s i f i c a t i o n  of t he  i n h i b i t i o n  process i n  t h e  brain.  

/82 

In  our study of the  oxygen consumption and b i o e l e c t r i c  a c t i v i t y  of t he  
b ra in ,  we exposed r a t s  for 15-min i n t e r v a l s  (repeated up t o  30 t i m e s )  t o  v e r t i -  
c a l  v ib ra t ion  wi th  a frequency of 70 cps and an amplitude of 0 .4  mm. 
of polarographic determination of oxygen tens ion  i n  the ce reb ra l  t i s s u e s  i s  
described i n  d e t a i l  i n  a study by L .  D. Luk'yanova (1964). The measurement of 
the maximum d i f m s i o n  cur ren t  i n  the inves t iga ted  t i s s u e s  and t h e  recording of 
the EM: were done wi th  the  same b ipo la r  e l ec t rodes .  I n  t h e  c o r t i c a l  p a r t s  of 
the b r a i n  we used a platinum needle e l ec t rode ,  0.1 mm i n  diameter, wi th  an un- 
insu la ted  b u t t  covered by a s e l e c t i v e  f i l m  and a s i l v e r  ch lor ide  p l a t e  measur- 

The method 

ing 2.5 mmz. 
e lec t rode  and was in se r t ed  i n  a depression i n  the  s k u l l .  The needle e l ec t rode ,  
passing through the  center  of t h e  p l a t e ,  reached the  sur face  of t he  ce reb ra l  
cortex.  For subcor t i ca l  l eads ,  two needle platinum e lec t rodes  wi th  a diameter 
of 9.05 mm were placed a t  t he  center  of t he  s i l v e r  ch lor ide  p l a t e .  I n  t h i s  
case the measurements of oxygen t ens ion  were made wi th  one platinum and s i l v e r  
e l ec t rode ,  and the  recording of t h e  EEG was done with two platinum e lec t rodes .  
The recording was done from the  sensorimotor, v i s u a l  and audi tory  regions of 
the cor tex  and from the  caudate nucleus. 

This p l a t e ,  i n  t he  case of measuring .oxygen, w a s  a comparison 

As i n  the e a r l i e r  study, the value of oxygen consumption was judged from 
the change i n  oxygen tens ion  (change of maximum d i f f u s i o n  cur ren t -  I,, ) under 

the influence of t h e  "oxygen t e s t "  (passing a gas mixture containing 98-99 
percent oxygen f o r  20 see through the chamber i n  which the  animal was p laced) .  
A s  a r e s u l t  of t he  increase  i n  oxygen concentration, t h e  increase  i n  the  maxi- 
mum curren t  caused by a change i n  oxygen concentration a t  the cathode ( A I  ) max 

should be  i nve r se ly  propor t iona l  t o  oxygen consumption. Thus, i n  t h e  case of 
in tens ive  oxida t ion  processes, t h e  add i t iona l  p o r t i o n  of oxygen i s  u t i l i z e d  
rap id ly ,  and t h e  t empora ry inc rease in  maximum curren t  w i l l  be i n s i g n i f i c a n t .  
With a depression of r e s p i r a t i o n  the  same "oxygen t e s t "  causes a considerable 
increase of Imax, compared t o  the i n i t i a l  value.  

of the maximum cur ren t  under t h e  influence of t he  "oxygen t e s t "  i n  t h e  e a r l i e r  
s tud ie s  we made measurements of (1) the he ight  of t he  maximum rise I,, (ha); 
(2) the time of onse t  of t he  maximum of the increase  I,, (t,,); (3) t h e  time 

of r e tu rn  of I,, t o  normal (tret) and t h e  l a t e n t  period p r i o r  t o  t h e  onset of 

the r i s e  Im, ( f i g .  1). However, ca re fu l  ana lys i s  of t h e  d i f f e r e n t  parameters 

I n  an ana lys i s  of t h e  changes 



Figure 1. 

the "oxygen test ."  a ,  Area formed by change of 
I,, with passage of oxygen through chamber 

(AImax) ;  b, time during which oxygen i s  fed; hm, 

maximum height  of r i s e ;  tret, time of r e t u r n  of 

Imax 

equal t o  time during which it i s  measured ( i n  
t h i s  case,  equal  t o  3 min); hmean, mean height  of 
measured a rea  AIma. 

Change i n  oxygen tens ion  (Im,) during 

t o  normal; 1 ,  l ength  of base of a rea  AIm,, 

determining the  degree of changes i n  the  maximum curren t  revealed t o  us t h a t  a 
more prec ise  and complete determination of the  chbnge I,, + AImax can be ob- 

ta ined  by a planimetr ic  measurement of the  a rea  AI,,, formed by the  

change of I during and a f t e r  passing oxygen through the  chamber ( f i g .  1). 

It i s  s t i l l  more convenient t o  use a value which has a s t r i c t  proport ional  de- 
pendence on AIm,--the mean height  of t he  measured a rea  (hmean); then AIm, = 

'AI; h e a n  - l ( cons t ) '  

the  t i m e  during which the a rea  is measured ( i n  t h i s  s tudy it w a s  always com- 
puted f o r  a time of 3 min. 

/83 
m a x  

- where 1 i s  the  length  of t he  base of t he  a rea ,  equal  t o  

The e l e c t r i c a l  a c t i v i t y  of t h e  b r a i n  was recorded using a four-channel 
4EEG-lM ampl i f ie r  wi th  pen recorder .  
was free i n  t h e  screened chamber, fas tened t o  the  v ib ra t ion  stand. 

A t  t h e  t i m e  of the  experiment t he  animal 

Inves t iga t ion  of t h e  values AI,, and hmean p r i o r  t o  exposure t o  v ib ra t ion  

r e v e a l e d , t h a t  a t  the norm, beginning wi th  the second-third measurement, good 
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After  v ib ra t ion  End of f0' - 
v ib ra t ion  

Figure 2. 

and a f t e r  s t imula t ion  by v ibra t ion .  

Dynamics of changes AImax during 

reproducible r e s u l t s  were obtained. 
ments, i n  the  d i r e c t i o n  of a decrease o r  increase of A I m a x  ( o r  hmean), i n  com- 

Some d i f fe rences  i n  the f i r s t  measure- 

parison with l a t e r  measurements, apparent ly  were caused by the  or ien t ing  reac- 
t i o n  of the  animal t o  i t s  surroundings and la te r  decreased with increased 
s tay .  

However, the  f irst  v ibra t ion ,  a s  we mentioned, caused a sharp decrease i n  
AI,,, and accordingly i n  i t s  area  (SAI) and limean, whereas a f t e r  v ib ra t ion  

these values increased i n  comparison t o  normal ( f i g .  2 ) .  

A s  pointed out  i n  our e a r l i e r  s tud ies ,  mul t ip le  exposure t o  v ibra t ion ,  /84 
when applied da i ly ,  led t o  an increase i n  the durat ion of  the  phase of in- 
creased oxygen consumption of cerebra l  t i s s u e s .  Among the  r a t s  inves t iga ted  i n  
t h i s  study the  oxygen consumption during v ib ra t ion  changed much a s  indicated 
previously. With an increase i n  the  number of exposures above 20, t h i s  f i rs t  
response r eac t ion  was maintained. 

Thus, increased  oxygen consumption during exposure t o  v ibra t ion ,  observed 
i n  the  overwhelming majori ty  of cases  i n  a l l  p a r t s  of t he  bra in ,  i s  a s p e c i f i c  
response of  b ra in  tissues t o  t h i s  st imulus.  

However, ana lys i s  of t h e  b i o e l e c t r i c  a c t i v i t y  of the  b ra in  of animals a t  
the time of v ibra t ion  made it poss ib le  t o  def ine two main per iods charac te r iz -  
ing the  response r eac t ion  t o  exposure. 

The f i rs t  period, extending up t o  4-8 ( i n  d i f f e r e n t  r a t s )  v ibra t ions ,  was 
re la ted  t o  the  appearance of the  most sharply expressed changes i n  the  EEG. 

I n  response t o  the  e f f e c t  of t h e  f i rs t  v ib ra t ion  per iod,  we found an 
or ien t ing  react ion,  apparent ly  depending on the  i n i t i a l  func t iona l  s t a t e  of the  
animal. It was expressed i n  the form of desynchronization, o r  synchronization 
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Figure 3. D i f f e ren t  forms of b i o e l e c t r i c  a c t i v i t y  
i n  response t o  f irst  s t imula t ion  by v ibra t ion .  
1, Desynchronization; 2, synchronization; 3, hyper- 
synchronization; 4, time reading i n  see.  Arrow 
denotes onset  of v ibra t ion .  

o r  hypersynchronization of the  b i o e l e c t r i c  a c t i v i t y  ( f i g .  3 ) .  
was the f i r s t  type of reac t ion .  S imi la r  forms of appearance of the  o r i en t ing  
r e f l e x  t o  an i n d i f f e r e n t  s t imulus w e r e  noted by R.  S. Mnukhina (1964)) who 
bel ieves  t h a t  a t  t he  intermediate  l e v e l  of the  func t iona l  s ta te  of the  cor- 
t h e  i n d i f f e r e n t  st imulus causes an o r i en t ing  r eac t ion  i n  t h e  form of desyn- 
chronization; w i th  a decrease i n  the  func t iona l  s ta te  of t h e  cor tex  t h i s  same 
i n d i f f e r e n t  st imulus causes an o r i en t ing  reac t ion  i n  t h e  form of  d i f fuse  syn- 

r e l a t i v e l y  low l e v e l  of l a b i l i t y ,  t he  o r i en t ing  r eac t ion  i s  manifested most 
f requent ly  i n  the  form of hypersynchronization of rhythm. 

The most common 

chronizat ion of rhythm. I n  animals whose cor tex  i s  charac te r ized  by a /85 

Further  changes i n  the  EEG under the  inf luence of v ib ra t ion  apparent ly  
depend on the  r e l a t i o n s  of t he  e x c i t a t i o n  and i n h i b i t i o n  processes  i n  the' ani-  
mals. However, i t  i s  poss ib le  t o  def ine  t h e  bas ic  genera l  p a t t e r n s  i n  t h e  
development of t he  response r eac t ion  i n  t h i s  per iod.  

The f i r s t  v ibra t ion  s t imulus caused a very rap id  (a f te r  30-60 sec)  appear- 
ance i n  t h e  sensorimotor and v i sua l  regions of t he  ce reb ra l  cor tex  a c t i v i t y ,  
a l t e r n a t e l y  a r i s i n g  i n  connection with the  o r i en t ing  r eac t ion  of  t h e  animal: 
hypersynchronized, low-frequency (1-3 cps) and high-amplitude (500-700 pV) 
o s c i l l a t i o n s  with o r  without  superposed high-amplitude rhythms ( f i g .  4) .  I n  
the caudal nucleus a t  t h i s  t i m e  t h e r e  usua l ly  was a s t a b l e  desynchronization of 
rhythm wi th  i n d i s t i n c t  appearance of slow o s c i l l a t i o n s ,  i n t ens i fy ing  somewhat 
by the  15th  min of v ib ra t ion .  I n  t h e  audi tory  reg ion  of the  cor tex  slow o s c i l -  
l a t i o n s  were a l s o  expressed considerably more weakly. 

However, even the  2nd-3rd v ib ra t ion  revealed a gradual  gene ra l i za t ion  of 
the slow hypersynchronized o s c i l l a t i o n s  i n  a l l  inves t iga ted  regions,  e s p e c i a l l y  
c l e a r l y  expressed a t  the  end of v ib ra t ion  ( f i g .  5 ) .  An intermediate  form of 

79 



Normal 

Figure 4. Changes i n  b i o e l e c t r i c  a c t i v i t y  dur- 
ing time of f i r s t  v ib ra t ion  i n  r a t  No .  9. 
1, Sensorimotor region of cortex; 2, caudate 
nucleus; 3, audi tory  region of cortex; 4, t i m e  
reading i n  see. 
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Normal 

Figure 5 .  
ing second v ibra t ion  i n  r a t  No. 9.  
1, Sensorimotor region of cortex; 2, audi tory  
region of cortex; 3, caudate nucleus; 4, time 
reading i n  sec. 

Changes i n  b i o e l e c t r i c  a c t i v i t y  dur- 

a c t i v i t y ,  f requent ly  observed i n  animals with an obviously lower s e n s i t i v i t y  t o  
v ibra t ion ,  was a synchronized rhythm of 6-7 min, superposed on slow waves /88 
of considerably l e s s e r  amplitude than the  hy-persynchronized o s c i l l a t i o n s  
mentioned above ( f i g .  5 ) .  In  the  course of the  f i rs t  few v ibra t ions  t h e r e  w a s  
a gradual increase of t h e  amplitudes of these slow o s c i l l a t i o n s ,  t h e i r  e a r l i e r  
appearance and complete disappearance of rapid a c t i v i t y .  
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Fina l ly ,  w e  observed a s t a t e  wherein slow hypersynchronized high-frequency 
o s c i l l a t i o n s ,  f requent ly .  assuming a s inusoida l  form, appeared almost i n s t a n t l y ,  
but were loca l i zed  f o r  t he  most p a r t  i n  the  sensorimotor and v isua l  regions of 
the cortex.  I n  the  audi tory  region of t he  cortex and i n  the  motor region of 
the  subcortex they  w e r e  expressed far more c l e a r l y .  Here there  f requent ly  was 
a burs t - l ike ,  sp indle- l ike  form of a c t i v i t y  and synchronized rhythms of 10-12 
see ( f i g .  6 ) .  These changes a l l  occurred approximately i n  the  course of the  
f irst  6-8 exposures t o  v ibra t ion .  

Taking i n t o  account t h a t  these  changes i n  the  b i o e l e c t r i c  a c t i v i t y  of t h e  
bra in  developed aga ins t  a background of a sharp and generalized increase i n  
oxygen consumption i n  these  same sec tors ,  we assume t h a t  the  appearance of 
high-amplitude, low-frequency hypersynchronized s inusoida l  o s c i l l a t i o n s  with a 
frequency of 1 cps during v ib ra t ion  i s  a r e f l e c t i o n  of a s t a b l e  and extremely 
strong center  of e x c i t a t i o n  i n  higher p a r t s  of t he  CNS. 

Moreover, we noted t h a t  m a x i m u m  oxygen consumption i n  the  cerebra l  t i s -  
sues usua l ly  coincided wi th  the  appearance i n  the  sensorimotor and v i sua l  re- 
gions of t he  cortex of  smooth, s inusoidal ,  hypersynchronized o s c i l l a t i o n s .  
P r io r  t o  the  onset of t h i s  moment, t h a t  is ,  i n  the  period preceding maximum 
oxygen consumption i n  the  cerebra l  t i s s u e s ,  the  EEG showed t r a n s i t i o n a l  types 

I 
of harmonics, even including a b r i e f  slow arrhythmia (bradyrhythmia) . I n  
some of the  animals i n  the  f i rs t  1 -2  exposures t o  v ib ra t ion  the  e x c i t a t i o n  
phase, judging from the  oxygen test ,  was unc lear ly  expressed. I n  t h i s  case the  
high-amplitude s t a t i o n a r y  o s c i l l a t i o n s  did not appear a t  a l l ,  and the  bio- 
e l e c t r i c  a c t i v i t y  of t he  c o r t i c a l  p a r t s  was character ized by synchronous, r e l a -  
t i v e l y  low-frequency rhythms, p e r s i s t i n g  s t a b l y  during the  e n t i r e  course of 
v ibra t ion  with a pe r iod ica l ly  appearing negat ive change i n  the  constant  
po ten t ia l .  

Thus, the  hypersynchronized slow o s c i l l a t i o n s  with a period of 1 cps ap- 
parent ly  corresponded t o  the  appearance of centers  of overexci ta t ion under 
stress t imuli .  If t h i s  i s  the  case, t h e i r  i n i t i a l  appearance a t  the  cor- /9O 
t i c a l  end of the  k i n e s t h e t i c  analyzer  becomes more understandable, because 
t h i s  p a r t  apparent ly  should be the  most s e n s i t i v e  t o  the  v ibra t ion  stimulus.  A 
l e s s  c l ea r  r o l e  i s  played by the  v i sua l  end of t he  c o r t i c a l  analyzer i n  the  
development of the  response r eac t ion  t o  v ibra t ion .  However, da ta  a re  ava i l ab le  
which support the  idea  t h a t  t h e  conductors of v ib ra t ion  s e n s i t i v i t y  i n  the  
brain run c lose  t o  the  conductors of pain and thermal s e n s i t i v i t y ,  reaching the  
p a r i e t a l  lobe and a l s o  t h e  f r o n t a l  and pos t e r io r  c e n t r a l  convolutions (Pe te l in ,  
1931; Demarina, 1954). 

- 

On the  b a s i s  of these  fragmentary samples it a l s o  follows t h a t  the  audi- 
t o ry  end of the  c o r t i c a l  analyzer plays a considerably l e s s e r  r o l e  i n  the  per- 
ception of the  s t imu la t ing  impulsation accompanying v ibra t ion .  

'The o s c i l l a t i o n s  recorded i n  t h i s  period have a sawtooth appearance, due t o  
superimposition on the  low-frequency waves of more rap id  synchronous rhythms, 
which disappeared wi th  continuing development of the  process.  
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Normal 

IO' v ib ra t ion  

f5'vibratio 

Figure 6. 
during t h e  s i x t h  v ib ra t ion  i n  r a t  NO. 9. 
Notations same as  i n  f igu re  4. 

Changes i n  b i o e l e c t r i c  a c t i v i t y  

From the po in t  of view of the  general  e f f e c t  of a v ib ra t ion  stimulus on 
d i f f e r e n t  p a r t s  of t he  bra in ,  t he re  i s  a general  b i o l o g i c a l l y  responsive,  regu- 
l a r  reac t ion  of t he  nervous system t o  an i n d i f f e r e n t  st imulus,  character ized 
by i n i t i a l  e x c i t a t i o n  of ceil ters associated wi th  the  e f f e c t  of t h i s  st imulus,  
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Figure 7. 
s e t  of 23d v ib ra t ion .  1, Sensorimotor region of 
cortex; 2, v i sua l  region of cortex; 3, caudate 
nucleus; 4, time reading i n  see.  

Example of b i o e l e c t r i c  a c t i v i t y  a t  on- 

gene ra l i za t ion  of e x c i t a t i o n  i n t o  o ther  p a r t s ,  and secondary concentration of 
t he  e x c i t a t i o n  process i n  s t r i c t l y  loca l i zed  zone. 

The f i r s t  two s t ages  a re  included i n  the  i n i t i a l  period of t h e  most ac t ive  
r eac t ion  of t he  animal t o  v ib ra t ion  which we defined, i n  which a f t e r  a l5-min 
exposure a s  a r e s u l t  of an e x t r a o r d i n a r i l y  s t rong  overexc i ta t ion  of nervous 
centers  i n  t h e  higher p a r t s  of t h e  b ra in ,  t he re  usua l ly  appears a c l e a r l y  ex- 
pressed p ro tec t ive  i n h i b i t i o n .  (Pos tv ibra t ion  decrease of oxygen consumption, 
changes i n  the EEG of t he  animal, c h a r a c t e r i s t i c  of complete e x t i n c t i o n  of the 
conditioned r e f l e x e s  i n  the  f i r s t  few hours a f t e r  ce s sa t ion  of v ib ra t ion . )  
Upon completion of v ib ra t ion  the  animal u sua l ly  l i e s  s t r e t ched  out on t h e  bot- 
tom of the  chamber wi th  relaxed muscles, completely i n d i f f e r e n t  t o  i t s  sur- 
roundings (L. D. Luk'yanova, A. V. Ko l f t sova ,  Ye .  S. Meyzerov, Ye. P. Kazan- 
skaya, P. 99). 

Thus, i n  t h i s  case the re  i s  d i r e c t  confirmation of the opinion of A.  B. 
Kogan (1958) t h a t  slow waves may not r e f l e c t  i n h i b i t i o n  i t s e l f ,  but t h e  propa- 
gation of a process of e x c i t a t i o n  leading t o  inh ib i t i on .  

The second s tage,  which we ca l l ed  t h e  period of r e l a t i v e  normalization of 
the r eac t ions  of t h e  animal i n  response t o  st imulus by v ibra t ion ,  was charac- 
t e r i zed  by a prolonged s t a t e  and v a r i a b i l i t y .  
and pe r s i s t ed  during the  e n t i r e  subsequent period of t he  inves t iga t ion .  I n  
t h i s  period the re  was a gradual decrease o r  complete disappearance of the re-  
sponse occurrence of t h e  o r i en t ing  r e a c t i o n  t o  v ib ra t ion  ( f i g .  7 ) ,  and an 
increase i n  the  l a t e n t  period of development of slow hy-persynchronized high- 
amplitude o s c i l l a t i o n s ,  being loca l i zed  inc reas ing ly  i n  the  sensorimotor and 
visual  regions of t h e  ce reb ra l  cortex.  The dominating rhythms i n  the audi tory  
region of t h e  cor tex  and i n  the  motor reg ion  of t he  subcortex were low- /91- 
frequency (8-12 os c i l l a t i o n s / s e  e )  synchronized rhythms with considerably 
lower amplitude, superimposed on slow low-amplitude o s c i l l a t i o n s .  There was an 
increase of bu r s t - l i ke ,  sp indle- l ike  a c t i v i t y .  This form of a c t i v i t y  a l s o  d i s -  
appeared gradually,  and was then repl'aced by t h e  suppression of t h e  rhythm. A t  
the end of t h i s  period ind iv idua l  days could be observed i n  which the suppres- 
sion of rhythm, appearing i n  the  background a c t i v i t y ,  a l s o  pe r s i s t ed  a t  t h e  
time of v ib ra t ion  ( f i g .  8).  

It began a f t e r  4-8 v ib ra t ions  

The appearance of slow waves of considerably lower 
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Normal 

2 ‘ v i  b r a  t i on - 

Figure 8. Changes i n  b i o e l e c t r i c  a c t i v i t y  i n  r a t  
No. 23 during the  25th v ibra t ion .  Notations same 
as  i n  f i g u r e  7. 

amplitude than i n  the cases described was b r i e f  and w a s  replaced by low- 
amplitude o s c i l l a t i o n s .  The suppression of rhythm was manifested most c l e a r l y  
i n  the  sensorimotor region of the  cortex and i n  the  motor region of the  sub- 
cor tex.  These phenomena ind ica t e  a decrease i n  the  s e n s i t i v i t y  of the  higher 
p a r t s . o f  the  b ra in  t o  s t imula t ion  by v ib ra t ion  i n  the  second period. I n  view 
of the da t a  presented i n  t h e  a r t i c l e  by L .  D. Luk’yanova, A. V. Kol’tsov, Ye. 
S. Meyzerov and Ye. P. Kazanskaya, these  f a c t s  may a l s o  be evidence of decreased 
e x c i t a b i l i t y  of the  nervous system as  a r e s u l t  of mult iple  v ibra t ion .  

Inves t iga t ion  of t he  e l e c t r i c a l  a c t i v i t y  of t h e  b r a i n  during v ibra t ion ,  
wi th in  the  l i m i t s  of t he  inves t iga ted  per iods,  d i d  not  make it possible  t o  de- 
t e c t  the onset  of a t h i r d  per iod,  i n  which the  r eac t ion  t o  v ib ra t ion  would be 
completely absent .  It was mentioned above t h a t  with a genera l  decrease i n  
the  l e v e l  of b i o e l e c t r i c  a c t i v i t y  i n  the  inves t iga ted  p a r t s  of the  bra in ,  
including the l a s t  v ibra t ion ,  there  were days when i n  response t o  exposure t o  
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vibra t ion  a r e a c t i o n  developed, which was t y p i c a l  f o r  t h e  f i rs t  period o r  t he  
onset of t h e  second. Thus, desp i t e  t h e  d a i l y  app l i ca t ion  of v ib ra t ion  during 
an e n t i r e  month, an i n s t a b i l i t y  of nerve processes continued t o  occur a t  t h e  
time of t he  exposure i t s e l f .  These da t a  do not make it possible t o  speak of 

p o s s i b i l i t y  of t h e i r  occurrence aga ins t  a background of sharp and long- 
p e r s i s t i n g  decreases i n  e x c i t a b i l i t y  of t h e  higher p a r t s  of the b r a i n  i s  t o o  
g r e a t  an expense t o  t h e  organism. 
t o  r e a c t  t o  the  e f f e c t  a t  t h e  time of t h e  v i b r a t i o n  i t s e l f ,  t h i s  decrease would 
apparently have t o  be p a r t i c u l a r l y  in t ense .  
t h i s  stage it would border on the  developmnt of a pa thologica l ,  i r r e v e r s i b l e  
process i n  t h e  higher p a r t s  of the b ra in .  

the s t r eng th  of compensatory-adaptative phenomena i n  t h i s  period. The - /92 

I n  order  f o r  t h e  animal t o  v i r t u a l l y  cease 

It i s  e n t i r e l y  possible t h a t  a t  

Thus, a complex p i c t u r e  p reva i l s ,  i n  which mechanisms f a c i l i t a t i n g  a de- 
crease i n  the v i b r a t i o n  e f f e c t  may appear only due t o  d i s rup t ion  of normal in-  
t e r r e l a t i o n s  between s t imula t ion  and i n h i b i t i o n  processes by m n c t i o n a l  r e a r -  
rangement of the a c t i v i t y  of t h e  higher p a r t s  of t h e  b r a i n  wi th  a t r a n s i t i o n  t o  
a lower l e v e l .  I n  t h e  b i o e l e c t r i c  a c t i v i t y  of the b ra in  of d i f f e r e n t  animals 
there a re  devia t ions  from t h i s  scheme toward a change i n  the times of onset of 
any s tage,  and a l s o  i n  the  sense of preva l ing  low-frequency, high-amplitude 
o s c i l l a t i o n s  or synchronized, low-amplitude, high-frequency rhythms wi th  b u r s t  
a c t i v i t y  superimposed on them. However, t h e  genera l  trend of t h e  process was 
maintained i n  a l l  animals. Slow s inusoida l  o s c i l l a t i o n s  were observed i n  190 
percent of t he  cases.  I n  two cases,  a t  the time of v ibra t ion ,  high-amplitude 
generalized sp ikes  were noted on the EEG. 

It should be noted t h a t  t h e  r eac t ion  t o  v ib ra t ion  of such small animals 
as a r a t ,  judging from t h e  p i c t u r e  of b i o e l e c t r i c  a c t i v i t y ,  i s  higher than i n  
man exposed t o  i d e n t i c a l  parameters. It was pointed out  above t h a t  t he  depres- 
sion of rhythm and t h e  appearance of slow waves wi th  a frequency of 2-6 cps 
were noted by i n v e s t i g a t o r s  i n  human sub jec t s  only i n  ind iv idua l  cases and 
a f t e r  f a r  longer exposure t o  v ib ra t ion .  The d i f f e rence  i n  the observed e f f e c t  
could depend both on the  "density" of t he  v ib ra t ion  per  u n i t  weight of the body, 
and on the s p e c i f i c  e f f e c t s  of v ib ra t ion  on receptors  i n  d i f f e r e n t  organisms. 
This phenomenon can be of g r e a t  importance i n  the  development of space f l i g h t s ,  
because it obviously becomes necessary t o  ca r ry  out a de t a i l ed  inves t iga t ion  of 
the ind iv idua l  and spec ies  d i f fe rences  i n  the  response r eac t ion  t o  vibrat ion.  

Summarizing the  genera l  resul ts  of t hese  processes,  the following main 
poin ts  should be d is t inguished .  

1. Vibration stimulus a t  t he  time of exposure l eads  t o  the appearance i n  
higher p a r t s  of t h e  CNS of a s t a b l e  center  of e x c i t a t i o n ,  accompanied by an 
increase i n  t h e  l e v e l  of oxygen consumption and appearance of hypersynchronized, 
low-frequency s inuso ida l  o s c i l l a t i o n s  with a frequency of 1 cps. 

- /93 2. A s  t h e  number of v ib ra t ion  exposures accumulates, t h e  phase of 
increased oxygen consumption ( e x c i t a t i o n  phase) expands with time, and i s  ac- 
companied by d e f i n i t e  changes i n  the  b i o e l e c t r i c  a c t i v i t y  of the brain,  making 
it possible t o  suppose t h a t  compensatory-adaptative mechanisms appear during 
t h i s  period. 
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3. These compensatory-adaptation mechanisms, f a c i l i t a t i n g  decreased sen- 
s i t i v i t y  t o  v ib ra t ion  i n  animals, a r i s e  i n  connection wi th  a decrease i n  exci-  
t a t i o n  processes.  

4. The change i n  oxygen metabolism of t h e  b r a i n  toward i t s  increase  ( in-  
crease i n  oxygen consumption by ce reb ra l  t i s s u e s )  i s  not  always accompanied by 
uniform changes i n  the  b i o e l e c t r i c  a c t i v i t y  of the b ra in .  

5. The changes i n  the  b i o e l e c t r i c  a c t i v i t y  of t he  b r a i n  a t  d i f f e r e n t  
l e v e l s  a t  the time of exposure t o  v ib ra t ion  allow us t o  specula te  on the  pres -  
ence of a phase of generalized e x c i t a t i o n ,  i r r a d i a t i n g  t o  d i f f e r e n t  p a r t s  of 
the brain,  and phases of concentration of the  e x c i t a t i o n  process i n  d e f i n i t e  
zones of the ce reb ra l  cortex (sensorimotor and v i s u a l  c o r t e x ) .  
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EFFECT OF VIBRATION STIMULUS ON THE OXYGEN METABOLISM OF THE 
BRAIN I N  ANIMALS WITH PARTIALLY ELIMINATED 

AUDITORY AND VESTIBULAR SYSTEMS 

L. D.  Luk'yanova and S.  M. Ambrosova 

ABSTRACT 

Rats were exposed t o  repeated whole-body v e r t i c a l  v i -  
b ra t ion  (70 cps, 0.4 m, 15 min) . Oxygen consumption i n  
d i f f e r e n t  p a r t s  of t h e  b ra in  was s tudied .  

u l a r  apparatus contr ibutes  to t he  appearance of compensatory- 
adaptat ion e f f e c t s  on the  indices ,  without a decrease i n  t h e  
general  func t iona l  l e v e l  of t h e  CNS. 

was obtained of t h e  extremely important r o l e  of t h e  vest ibu-  
l a r  apparatus i n  t h e  percept ion of v ibra t ion .  

It was shown t h a t  p a r t i a l  des t ruc t ion  of t h e  ves t ib -  

I n  experiments on anesthesized animals d i r e c t  proof 

I n  our e a r l i e r  inves t iga t ions  we demonstrated t h a t  oxygen consumption /95 
.n t he  cerebra l  t i s s u e s  of animals subjected t o  v ib ra t ion  sharply changes 
Luk'yanova, 1964). We a l s o  found t h a t  t h e r e  i s  a d i s s i m i l a r i t y  i n  these  

changes i n  d i f f e r e n t  p a r t s  of t h e  bra in .  Further  i nves t iga t ion  of t he  mechan- 
i s m  of t he  e f f e c t  of v ib ra t ion  on the  CNS requi res  ca re fu l  study of t h e  func- 
t i o n a l  s ign i f icance  of d i f f e r e n t  regions of  c o r t i c a l  analyzers and subcor t i ca l  
formations associated with them i n  t h e  development of a response r eac t ion  to 
t h i s  st imulus.  

I n  t h e  l i t e r a t u r e  the re  a re  many indica t ions  to t he  e f f e c t  t h a t  v ib ra t ion  
can be a strong, adequate o r  inadequate stimulus of t h e  organ of equi l ibr ium 
(Kulikovskiy, 1939; Voyachek, 1946; Usenko, 1961; Shpi l 'berg,  1960, and o the r s ) .  

The opinion p reva i l s  t h a t  t h e  o t o l i t h  of t h e  sacculus possesses a s p e c i f i c  

1 s e n s i t i v i t y  t o  st imulus by v ib ra t ion  (Yazykov, 1951; Kostrov ; Usenko, 1961). 
However, it i s  noted t h a t  low-frequency v ib ra t ion  t o  20 cps exer t s  a s t imulat ing 
e f f e c t  on t h e  semicircular  canals.  High frequencies a c t  on t h e  nonauditory p a r t  

1 
Reference i s  t o  Borshchevskiy e t  a l . ,  1963. 
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of the  l abyr in th  apparently as inadequate s t i m u l i  (Zagryadskiy, 1957 ; Usenko, 
1961; Andreyeva-Galanina, 1963). However, many inves t iga to r s  r e l a t e  t h e  
ves t ibu la r  d i s rupt ions  observed during v ib ra t ion  not so  much t o  changes i n  t h e  
per iphera l  l aby r in th  as t o  formation of a pa thologica l  process i n  the  c e n t r a l  
paths and s t ruc tu res  of t he  ves t ibu la r  analyzer and i n  i t s  r e l a t ionsh ips  t o  
other  analyzer systems (Voyachek, 1946; Usenko, 1961; Zagryadskiy, 1957; 
Shpi l 'berg,  1960, 1962, and o t h e r s ) .  

SpecifTcally f o r  t h i s  reason it i s  therefore  of p a r t i c u l a r  i n t e r e s t  t o  
study the  inf luence of v ib ra t ion  on t h e  funct ion of t h e  higher p a r t s  of t h e  /96 
CNS i n  the  case of des t ruc t ion  of t he  pe r iphe ra l  end of t h e  ves t ibu la r  
apparatus, on t h e  one hand, and with des t ruc t ion  of d i f f e r e n t  p a r t s  of t h e  cor- 
t i c a l  analyzers, on t h e  other .  I n  t h e  l i t e r a t u r e  f ami l i a r  t o  us the re  a r e  no 
repor t s  on attempts t o  make such inves t iga t ions .  

Research Method 

Male Wistar r a t s ,  weighing 200-250 g were used. Oxygen i n  the  cerebra l  
t i s s u e  was determined by the  polarographic method. The d e t a i l s  of t h e  use 
of  t h i s  method under chronic conditions as appl ied t o  rats i n  a f r e e  s t a t e  a re  
preserved i n  a study by L. D .  Luk'yanova (1964). The changes i n  oxygen con- 
sumption i n  t he  inves t iga ted  p a r t s  of t h e  b ra in  were judged on the  bas i s  of 
t h e  change i n  maximum d i f fus ion  current  under t h e  inf luence o f t h e  "oxygen t e s t "  
( A I  

Ye. P. Kazanskaya ( p .  75).  
verse ly  proport ional  t o  t h e  l e v e l  of  oxygen consumption i n  the  inves t iga ted  t i s -  
sue. Therefore, -a decrease i n a I  i nd ica t e s  an increase i n  t h e  consumption of 

oxygen, whereas increase of AI i nd ica t e s  a decrease.  

) using the  same method as descr ibed i n  a study by L. D .  Luk'yanova and max 

We mention only b r i e f l y  t h a t  t h e  value A I  i s  in -  

m a x  

m a x  

F i r s t ,  using i n t a c t  animals, a ca re fu l  study was made of t h e  change i n  
oxygen consumption under normal condi t ion and during v ib ra t ion  ( three- four  ex- 
posures) .  
(breaking of t h e  drum membrane and removal of  t h e  earbones) . 
was made of t he  change i n  oxygen consumption during and a f t e r  v ibra t ion .  Final ly ,  
i n  t hese  same animals, t h e  o t o l i t h i c  organs were destroyed su rg ica l ly .  It should 
be noted t h a t  i n  most r a t s  t h e r e  was v i r t u a l l y  no ex te rna l  manifestat ion of a 
reac t ion .  I n  only 20 percent  of t h e  a n i m a l s  were t h e r e  i n s i g n i f i c a n t  v i s i b l e  
deviat ions from normal (paws de f l ec t ed  t o  one s ide,  uncer ta in ty  of movements, 
creeping, impairment of choice of a l i n e a r  d i r e c t i o n  and i t s  replacement by c i r -  
cular ,  r o t a t i o n a l  movement). However, t hese  changes appeared on ly  on t h e  f i r s t  
few days a f t e r  t h e  operat ion and l a t e r  disappeared. The use of methods of de- 
s t r u c t i o n  of t h e  ves t ibu la r  apparatus by o ther  i nves t iga to r s  ( chloroform, iodoace- 
t i c  ac id) ,  following t h e i r  administration, d i d  not i n  general  l ead  t o  any v i s i b l e  
changes. 

0.5-1.0 em ) caused, as w i l l  be demonstrated below, an in tense  narcosis  

Then t h e  outer  and middle audi tory apparatus was destroyed su rg ica l ly  
Thereaf ter  a study 

The e f f e c t  of chloroform i n  l a r g e  q u a n t i t i e s  ( n o t  s eve ra l  drops, but  
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af fec t ing  the  e n t i r e  ce reb ra l  cor tex of  t h e  animal. 
e f f e c t  t h e  animal d i d  not d i f f e r  fromother i n t a c t  animals. 
apparent changes i n  t h e  motor r eac t ion  i n  r a t s  with a removed ves t ibu la r  
apparatus could be an expression of compensatory adaptat ions.  
t he  addi t iona l  func t iona l  loads associated with t h e  a c t i v i t y  of t h i s  apparatus 
should make these  d is rupt ions  obvious. 

U-pon termination of i t s  
The absence of /97 

I n  such a case 

The inves t iga t ion  of t h e  oxygen metabolism w a s  c a r r i e d  out i n  the  sensor i -  
motor and audi tory regions of t h e  cortex, i n  t h e  caudate nucleus, i n  t he  r e t i c u -  
l a r  nucleus of t he  thalamus and i n  t h e  cor tex  of t h e  cerebellum. 

A l l  animals were exposed to 15  min of v ib ra t ion  with a frequency of 70 
cps and an amplitude of 0 .4  mm. 

Experimental Results 

Influence of Vibrat ion on Oxygen Consumption i n  Dif fe ren t  Pa r t s  
of t h e  Brain of I n t a c t  Rats 

The inves t iga t ions  confirmed e a r l i e r  da ta  t o  t h e  e f f e c t  t h a t  i n  a l l  exper- 
imental i n t a c t  animals during response to exposure t o  v ibra t ion ,  changes i n  oxygen 
consumption take  p lace  i n  th ree  phases: (1) increased oxygen consumption, already 
occurring a t  t he  time of v ibra t ion ,  with maximum changes taking place a t  t he  5 th  
minute of v ib ra t ion  (decrease of A I ) ; ( 2 )  decreased oxygen consumption, devel- max 

oping immediately a f t e r  terminationof v ibra t ion ,  and (3) gradual r e s to ra t ion  t o  
the  i n i t i a l  l e v e l .  The second per iod  i s  apparently a r e f l e c t i o n  of p ro tec t ive  
inh ib i t i on  developing i n  t h e  higher p a r t s  of t h e  b r a i n  (Luk'yanova, 1964) and has 
two maxima. The f i rs t ,  most c l e a r l y  expressed period, assoc ia ted  with a sharp 
decrease i n  oxygen consumption immediately a f t e r  v ib ra t ion  ( increase of  A Imax), 

s e t s  i n  15-20 min a f t e r  v ibra t ion ;  t h e  second, 1.5-2 hr l a t e r  ( f i g .  1). 

Some deviat ions from t h i s  p a t t e r n  were observed i n  an inves t iga t ion  of 
oxygen consumption i n  t h e  r e t i c u l a r  nucleus of t h e  thalamus and i n  t h e  cortex of 
t he  cerebellum. I n  these  regions t h e  per iod  of increased oxygen consumption, 
developing already a t  t h e  time of vibrat ion,  was f a r  more prolonged than i n  t h e  
other inves t iga ted  p a r t s  (30-45 min). 
oped a t  far l a t e r  times ( cor tex  of t h e  cerebellum) and could be expressed ex- 
cept ional ly  i n s i g n i f i c a n t l y  ( r e t i c u l a r  nucleus of t h e  thalamus). 

For t h i s  reason an inh ib i t ed  s t a t e  devel-  

Inf luence of Vibrat ion on Oxygen Consumption i n  Dif fe ren t  
Pa r t s  of t h e  Brain of Rats with a P a r t i a l l y  Destroyed 
Auditory Apparatus 

P a r t i a l  impairment of hearing by des t ruc t ion  o f  t h e  outer  and middle 
auditory apparatus l e d  to a decrease i n  changes of A I  a f t e r  v ib ra t ion  i n  t h e  max 
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Vibrat ion After v ib ra t ion  

Figure 1. 

and a f t e r  exposure t o  v ib ra t ion .  
A, I n  sensorimotor region of cor tex;  By i n  
motor region of subcortex; C ,  i n  audi tory  
cor tex .  Along x-axis  -- time i n  minutes; 
along y-axis -- value Amax i n  percent  of 
i n i t i a l  background. 

Change of A I m u  values  during 

audi tory region of t h e  cortex,  i n  the caudate nucleus and i n  the  r e t i c u l a r  /98 
nucleus of the thalamus, compared t o  the  i n t a c t  animals, and t o  an increase 
of AImax i n  t h i s  s a m e  period i n  the  sensorimotor cor tex  ( f i g s .  2 and 3) .  V i r -  

t u a l l y  no changes were observed i n  the cor tex  of t he  cerebellum. 

Thus, p a r t i a l  des t ruc t ion  of hearing apparent ly  a t tenuated the f l u x  of the  
s t imula t ing  impulsation t ransmi t ted  t o  the  c o r t i c a l  end of t he  audi tory  ana- 
l yze r  i n  th i sconnec t ion  decreased the  exc i t i ng  e f f e c t  of v ibra t ion ,  and there-  
f o r e  d i d  not cause overexc i ta t ion  of t he  nerve c e l l s  i n  t h i s  region, leading t o  
t h e  appearance of subsequent i nh ib i t i on .  The pa ra l l e l i sm between t h e  observed 
p i c tu re  i n  the  audi tory  region of the  cortex and i n  the  caudate nucleus makes 
it poss ib le  t o  pos tu l a t e  t he  presence of d i r e c t  connections and r e l a t i o n s  be- 
tween these regions.  The d i f f e r e n t  d i r e c t i o n  of t he  process  i n  the  sensori-  
motor cor tex can be in t e rp re t ed  as a manifestat ion of negat ive induct ion be- 
tween t h i s  region and the  audi tory  cortex,  i n  which t h e  decrease of t he  func- 
t i o n a l .  a c t i v i t y  of one of them (audi tory)  leads  t o  increase  of e x c i t a t i o n  i n  
the o the r  (sensorimotor).  
should lead t o  a more c l e a r l y  expressed overexc i ta t ion  of the  nerve c e l l s  and 
therefore  t o  a more in tense  subsequent p ro tec t ive  inh ib i t i on .  

I n  t h i s  case the  v ib ra t ion  s t imulus i n e v i t a b l y  
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Figure 2. Change of A I  values i n  
max 

t h e  audi tory region of t h e  cortex i n  
i n t a c t  animals (1) and i n  animals with 
p a r t i a l l y  destroyed hearing ( 2 )  during 
and a f t e r  v ibra t ion .  
A, Rat No.  17; B, Eat No.  16. Other 
notat ions same as i n  f i g .  1. 

V i  b r a t  i on After v ibra t ion  

Figure 3 .  Change of amax values i n  

t h e  sensorimotor region of cor tex  of 
r a t  No. 15 (under inf luence of vi- 
bra t ion)  before (1) and a f t e r  ( 2 )  
p a r t i a l  des t ruc t ion  of hearing. 
Notations same as i n  f i g .  1. 

Influence of Vibration on Oxygen Consumption i n  Different  
Pa r t s  of t he  Brain i n  Rats with a P a r t i a l l y  Destroyed 
Vest ibular  Apparatus 

An inves t iga t ion  of oxygen consumption i n  d i f f e r e n t  regions of t h e  b r a i n  

For example, i n  the  c o r t i c a l  end of 
i n  the  animals of t h i s  s e r i e s  revealed t h a t  t h e i r  reac t ions  t o  the  i n i t i a l  
and subsequent v ibra t ions  were d i f f e r e n t .  

/99 
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t h e  audi tory analyzer t he  d i r e c t i o n  of change of oxygen consumption a f t e r  
appl ica t ion  of t h e  f i r s t  v ib ra t ion  d i d  not change compared t o  animals i n  
which only one ex te rna l  audi tory apparatus was destroyed. 

I n  the  sensorimotor region of t h e  cor tex  t h e  exc i t a t ion  phase ( r e l a t e d  
t o  an increase i n  oxygen consumption) a f t e r  t h e  f irst  v ib ra t ion  was expressed 
l e s s  c l e a r l y  than i n  t h e  i n t a c t  animals and i n  animals with a destroyed ex- 
t e r n a l  audi tory apparatus.  
oxygen eonsumption during v ib ra t ion  i n  comparison with t h e  norm. 
t i o n  developing a f t e r  v ib ra t ion  was considerably g rea t e r  i n  i t s  depth and dura- 
t i o n  than t h i s  phase i n  t h e  i n t a c t  animals ( a n  appreciable increase  i n  A I  

compared t o  t he  norm). 
amus, and cerebellum the  f i r s t  exposure t o  v ib ra t ion  i n  t h e  animals of t h i s  
s e r i e s  l e d  t o  a prolonged pos tv ib ra t ion  increase i n  oxygen consumption (de-  
creased A I  

I n  ind iv idua l  cases the re  was even decrease i n  
The inh ib i -  

max 

I n  t h e  caudate nucleus, r e t i c u l a r  nucleus of t h e  t h a l -  

compared t o  t he  norm). 
max 

The l a t t e r  can be regarded as a decrease i n  e x c i t a t i o n  i n  these  p a r t s  
during t h i s  period, apparently r e l a t e d  t o  the  l i m i t a t i o n  of t h e  impulsation 
e a r l i e r  t ransmi t ted  from the  ves t ibu la r  apparatus i n t o  these  regions of t he  
b ra in .  For t h i s  region, subsequent i n h i b i t i o n  d id  not develop. 

With respec t  t o  t h e  sensorimotor region of t h e  cortex, here, as i n  t h e  
case w i t h  des t ruc t ion  of t h e  audi tory apparatus, t h e r e  apparent ly  i s  increased 
e x c i t a b i l i t y  of nerve c e l l s ,  leading t o  c l e a r l y  expressed subsequent overexci t -  
a t ion .  This i n  t u r n  demonstrates a c lose  func t iona l  i n t e r r e l a t i o n s h i p  between 
t h e  ves t ibu la r  and sensorimotor c o r t i c a l  analyzers.  

During subsequent d a i l y  v ibra t ions  of animals with a p a r t i a l l y  destroyed 
ves t ibu la r  apparatus the re  was a per iod  of considerable i n t e n s i f i c a t i o n  of the/100 
second phase compared t o  i n t a c t  animals and a per iod of r e l a t i v e  normalization. 

I n  t h e  audi tory end of t h e  c o r t i c a l  analyzer t h i s  process was expressed 
more c l e a r l y  than i n  the  o ther  regions of t h e  brain.  It d i d  not s e t  i n  imme- 
d i a t e l y  and d id  s o  only a f t e r  a t  l e a s t  t h ree  per iods of v ib ra t ion ;  it was 
character ized by i n s t a b i l i t y .  I n  t h e  course of t h e  e n t i r e  i nves t iga t ed  per iod 
we d id  not observe s t a b l e  normalization i n  t h i s  region. 

I n  the  sensorimotor region of t he  cor tex  and i n  t h e  motor region of t h e  
subcortex ( caudate nucleus),  t h e  decrease i n  oxygen consumption a f t e r  mutl iple  
appl ica t ion  of t h e  stimulus, expressed i n  an increase  i n  A I  cons i der ably 

exceeded these  same changes i n  i n t a c t  animals ( f i g .  4 ) .  As  i n  t h e  audi tory 
region, t h i s  process had a c l e a r l y  expressed o s c i l l a t o r y  charac te r  not only on 
d i f f e r e n t  days, bu t  even i n  t h e  course of a s i n g l e  experiment. However, on 
the  8th-10th days, wi th  continuing d a i l y  vibrat ion,  a new s t a t e  was discovered, 
i n  which t h e  phase charac te r  i n  oxygen consumption during and a f t e r  v ibra t ion ,  
customary f o r  i n t a c t  animals, disappeared and only i r r e g u l a r  f l uc tua t ions  
of AImax near normal remained ( f i g .  4 ) .  

m a ’  
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A 

Vibrat ion After v i b r a t i o n  

Figure 4. 

sorimotor region of t h e  cor tex  during mul t ip le  
v ib ra t ion  i n  animals wi th  p a r t i a l l y  de- 
stroyed audi tory and ves t ibu la r  apparatus 
( r a t  NO. 15). 
A, F i r s t  (1) and second (2)  v ib ra t ions  a f t e r  
des t ruc t ion  of t h e  v e s t i b u l a r  apparatus;  
By f i f t h  (1) and s i x t h  (2 )  v ibra t ions ;  
C y  11th-12th v ibra t ions  (1, 2 ) .  Other 
no ta t ions  same as  i n  f i g .  1. 

Change of AImax values  i n  sen- 

These da ta  ind ica t e  t h a t  des t ruc t ion  of t he  ves t ibu la r  analyzer causes 
ser ious  d i s rup t ion  of normal co r t i co - subcor t i ca l  i n t e r r e l a t i o n s h i p s .  

The d i f f e rence  between t h e  reponse r eac t ions  f o r  oxygen consumption on 
t h e  f i r s t  day of v ib ra t ion  f o r  animals of t h i s  s e r i e s  and i n  t h e  subsequent 
per iod  ind ica t e s  t he  appearance on t h e  f i r s t  day a f t e r  des t ruc t ion  of t h e  
o t o l i t h s  of temporary compensatory adaptat ions which a re  e a s i l y  d is rupted  during 
v ib ra t ion  and i t s  a f t e r e f f e c t .  Repeated appl ica t ions  of v ib ra t ion  apparent ly  
l ead  t o  an increase  i n  t h e  e x c i t a b i l i t y  of t h e  sensorimotor region of t h e  cortex 
and t h e  motor region of t he  subcortex. Extreme i n s t a b i l i t y  i n  ce reb ra l  /lo1 
a c t i v i t y  appears. Judging from oxygen consumption, t h e  s t a t e s  of i n h i b i t i o n  
and exc i t a t ion  very r ap id ly  rep lace  one another, something not  observed i n  i n t a c t  
animals. 

This i s  evidence of complex competition between t h e  i n h i b i t i o n  and exc i ta -  
t i o n  process concentrated f o r  t h e  most p a r t  i n  s ec t ions  through which a 
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p a r t i c u l a r l y  s t rong f l u x  of impulsation should pass  during v ibra t ion .  Obvious- 
l y ,  i n  t h i s  period it i s  i n  these  sec t ions  where the re  i s  formation of  new com- 
pensatory mechanisms capable of r e s to r ing  the  co r t i co - subcor t i ca l  r e l a t ionsh ips  
d is rupted  a t  t h e  time of des t ruc t ion  of t he  v e s t i b u l a r  apparatus.  The phase of 
r e l a t i v e  normalization i n  the  animals of t h i s  group d i f f e r e d  from t h a t  f o r  i n -  
t a c t  animals. Whereas i n  the  l a t t e r  t he  decrease of s e n s i t i v i t y  to v ib ra t ion  
occurred due t o  a genera l  decrease i n  t h e  e x c i t a b i l i t y  of higher  parts of 
t h e  brain,  upon des t ruc t ion  of  t h e  o t o l i t h s  and a f t e r  compensatory adaptat ions 
p o s s i b i l i t i . e s  apparent ly  a rose  f o r  adaptat ion t o  v i b r a t i o n  without a decrease 
i n  t h e  genera l  func t iona l  l e v e l .  T h i s  can explain t h e  absence of  a phase 
charac te r  i n  oxygen consumption a l ready  by t h e  8 t h  -10th v ibra t ions ,  t h a t  is, 
t h e  absence i n  higher  p a r t s  of  t h e  b r a i n  of cen te r swi th  c lear ly  expressed 
e x c i t a t i o n  and overexc i ta t ion .  Thus, t he re  i s  a l s o  a decrease i n  s e n s i t i v i t y  
t o  v ib ra t ion  here.  However, while i n  i n t a c t  animals t h i s  was  a t t a i n e d  by a 
genera l  progressive decrease i n  t h e  e x c i t a b i l i t y  o f  a l l  parts of t h e  b r a i n  
which could not  but  be r e f l e c t e d  i n  i t s  genera l  func t iona l  s t a t e ,  i n  t h e  l a t t e r  
case the  animal body could dispense wi th  such an extreme measure. 

Influence of Vibrat ion on Oxygen Consumption i n  the  Cerebra l  
Tissues  of Anesthesized Animals 

In  t h i s  s e r i e s  of experiments the  animals subjected t o  v ib ra t ion  w e r e  i n  
the second o r  t h i r d  s tage  of e t h e r  narcos is .  I n  t h i s  case the  oxygen consump- 
t i o n  decreased i n  a l l  inves t iga ted  p a r t s  of the  bra in .  However, t he  most pro- 
longed e f f e c t  of e t h e r  narcos is  w a s  on the  c o r t i c a l  sec t ion ,  where the re  w a s  a 
c l e a r l y  expressed secondary decrease i n  oxygen consumption, coinciding wi th  a 
period of secondary s l eep  (60-90 min a f t e r  onset  of the  e f f e c t  of the  narcos is ,  
f i g .  5 ) .  Chloroform, introduced through the  outer  audi tory  meatus (0 .5 -d ) ,  
exer ted  a na rco t i c  e f f e c t  on t h e  inves t iga t ed  parts of  t h e  b r a i n  s i m i l a r  t o  
t h a t  of e the r  ( f i g .  6 ) .  

P a r t i a l  des t ruc t ion  of the  ves t ibu la r  apparatus d id  not  change the  reac-  
t i o n  of t h e  animals t o  anesthesia .  

In  t h e  s tudy of t he  e f f e c t  of v ib ra t ion  on anesthesized animals, t he  l a t -  
t e r  were f i r s t  pu t  under gene-ral anes thes ia  u n t i l  the  wink r e f l e x  disappeared, 
and were then exposed t o  v ib ra t ion .  

Figure 7 , B  shows t h a t  t he  oxygen consumption i n  i n t a c t  anesthesized 

), and i n  ind iv idua l  cases  may even assume a phase charac te r ,  t y p i c a l  f o r  

/lo3 
animals increases  sharp ly  under the  inf luence of v ib ra t ion  (decrease of 
A I  

v ibra t ion ,  but  somewhat less c l e a r l y  expressed i n  amplitude i n  t h e  case of a 
l e s s  s t rong  prel iminary anes the t i za t ion  of t he  animals ( f i g .  7 , A ) .  A d i f f e r e n t  
e f f e c t  i s  observed i n  anesthesized animals w i th  des t ruc t ion  of t h e  v e s t i b u l a r  
apparatus.  The d i s i n h i b i t i n g  e f f e c t  i s  observed considerably la ter ,  or does 
not appear a t  a l l  ( f i g .  8) .  

max 
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t A 

Figure 5 .  Change of A I  values i n  r a t s  max 
not  subjected t o  v ibra t ion  during e ther  
narcosis .  
A, I n  sensorimotor region of cortex; 
B ,  i n  motor region of subcortex; 1, r a t  
N O .  19; 2, r a t  NO. 18. 

Figure 6. Change of' AImax values i n  ra t s  

not subjected t o  v ibra t ion  during chloro- 
form narcosis .  
A, I n  motor region of subcortex, B, i n  
sensorimotor region of cor tex ,  Other 
notat ions same a s  i n  f i g .  1. 
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Ether Vibration After vibrat ion 

u: 
Figure 7. Change of AImax values i n  motor 

region of subcortex during and a f t e r  expo- 
sure t o  vibrat ion against  background of 
e ther  narcosis.  
A, Changes of AI 

shallow e ther  narcosis;  B,  changes of AI 

against  background of intense ether  nar- 
cosis; 1, changes of AImax i n  animal with- 

out e ther  narcosis; 2, changes of AImax i n  

same animal with e ther  narcosis.  

against  a background o f  m a x  

max 

B I 

Ether Vibration After vibrat ion 

Figure 8. 

a f t e r  exposure t o  vibrat ion i n  animals with a 
p a r t i a l l y  destroyed auditory and vest ibular  
apparatus during ether narcosis.  
A, In sensorimotor region of cortex; B, i n  
motor region of subcortex; 1, i n t a c t  ani- 
mals; 2, with e the r  narcosis.  

Change of AImax values during and 



Thus, these  experiments a r e  a d i r e c t  demonstration of t he  e x t r a o r d i n a r i l y  
important r o l e  of  t h e  ves t ibu la r  apparatus ( o t o l i t h s )  i n  the  percept ion of 
v ib ra t ion  s t i m u l i  and i n  those processes which develop i n  d i f f e r e n t  p a r t s  of 
t h e  CNS under the  inf luence of v ibra t ion .  

Conclusions 

1. The p a r t i a l  destruct i -on of t h e  audi tory  apparatus  i n  r a t s  de- /lo4 
creases  the  s t imula t ing  e f f e c t  of v ib ra t ion  i n  t h e  audi tory  region of t he  
brain,  i n  the  caudate nucleus and i n  the r e t i c u l a r  nucleus of t he  thalamus, and 
i n c r e a s e s i t s  e f f e c t  i n  t h e  sensorimotor region of  t h e  cortex.  

2. Prel iminary p a r t i a l  des t ruc t ion  of the  v e s t i b u l a r  apparatus i n  r a t s  
subjected t o  v ib ra t ion  l eads  t o  decreased oxygen consumption i n  t h e  sensor i -  
motor region of t he  cor tex  and i n  the  caudate nucleus compared t o  i n t a c t  
animals. 

3. Vibrat ion s t imu la t ion  of i n t a c t  animals aga ins t  a background of e t h e r  
o r  chloroform narcos is  e x e r t s  a d i s i n h i b i t i n g  e f f e c t  and r e s to re s  oxygen 
consumption i n  ce reb ra l  t i s s u e s  t o  t h e  usua l  l e v e l  observed i n  nonanesthesized 
animals. 

4. Vibrat ion of anesthesized animals with a p a r t i a l l y  destroyed v e s t i b u l a r  
apparatus does not  e x e r t  an appreciable  d i s i n h i b i t i n g  e f f e c t  on oyygen metabolism. 



INVESTIGATION OF THE RELATIONSHIP BETWEEN THE OXYGEN METABOLISM 
OF TFIE BRAIN, ITS ELECTRICAL ACTIVITY AND Tm CONDITIONED 

REFLEX ACTIVITY OF ANIMALS AFTER VIBRATION 

L. D. Luk'yanova, A. V .  Kol f t sova ,  Ye .  S. Meyzerov 
and Y e .  P. Kazanskaya 

ABSTRACT 

R a t s  w e r e  exposed t o  whole-body v e r t i c a l  v i b r a t i o n  ( 7 C  cps, 
0.4 mm, 15 min) s i x  t imes a week ( t o t a l  of 3 0 ) .  
found t h a t  the  changes i n  d i f f e r e n t  ind ices  of the  func- 
t i o n a l  s t a t e  of t he  CNS have a phase charac te r .  A s tudy 
was made of oxygen consumption i n  ce reb ra l  t i s s u e s ,  t o t a l  
b i o e l e c t r i c  a c t i v i t y ,  very slow o s c i l l a t i o n s  and condi- 
t ioned r e f l e x  a c t i v i t y .  

ized by the  appearance of pos tv ib ra t ion  general ized inh ib i -  
t i o n  i n  t h e  higher  p a r t s  of t he  b ra in .  I n  the  second 
period ( a f t e r  t he  4th v ib ra t ion )  a compensatory-adaptative 
process developed, cont r ibu t ing  t o  r e l a t i v e  normalization 
of funct ions.  The t h i r d  per iod ( a f t e r  the  20th-25th vibra-  
t i o n s )  was character ized by a t o t a l  decrease i n  the  func- 
t i o n a l  a c t i v i t y  of higher p a r t s  of  t h e  CNS. 

It w a s  

The f i r s t  period (1s t -4 th  v ib ra t ions )  w a s  character-  

Inves t iga t ions  made f o r  the  purpose of studying changes occurring 
during and a f t e r  s t imula t ion  by v ib ra t ion  have revealed the  presence of a 
de f in i t e  phase charac te r  i n  the  course of ox ida t ion  processes of t he  b r a i n  
(Luk'yanova, 1964). 
o ther  ind ices  of t he  func t iona l  a c t i v i t y  of the  h igher  p a r t s  of t he  CNS. 

/lO5 

It w a s  of i n t e r e s t  t o  compare these  d a t a  with a number of 

For t h i s  purpose we undertook a study, using these  same animals w i th  mul- 
t i p l e  (up t o  30)  exposures t o  v ibra t ion ,  of t h e  l e v e l  of oxygen consumption i n  
d i f f e r e n t  p a r t s  of t h e  b r a i n  and the  pa t t e rns  of change i n  e l e c t r i c a l  a c t i v i t y .  
Present ly  ava i lab le  inves t iga t ions  of t h e  EEG a f t e r  v ib ra t ion  apply f o r  t h e  
most p a r t  t o  cases  wi th  a l ready  c l e a r  manifestat ions of  v ib ra t ion  s ickness ,  and 
they  shed v i r t u a l l y  no l i g h t  on t h e  i n i t i a l  s t ages  of t h i s  s ickness  and i t s  
l a t e n t  period (Slipil 'berg,  1962, 1964; Ginzburg, 1964, and o t h e r s ) .  There i s  a 
complete l a c k  of systematic  i nves t iga t ion  of t h e  e l e c t r i c a l  a c t i v i t y  of t he  
b r a i n  from t h e  beginning of app l i ca t ion  of a v ib ra t ion  s t imulus.  
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I n  t h i s  s tudy,  i n  add i t ion  t o  an ana lys i s  of changes i n  t h e  background 
electrogram, we have analyzed changes of very slow f l u c t u a t i o n s  
character ized by a per iod of 0.5-0.8/sec and an amplitude of 0.3-1.5 mV 
(Aladzhalova, 1956; Aladzhalova, Koshtoyants, 1957, 1960),  and hourly o s c i l l a -  
t i ons  of e l e c t r i c a l  a c t i v i t y ,  represent ing  a per iodic  change i n  the  l e v e l  of 
a c t i v i t y  i n  t h e  electrogram, occurring over a period of s eve ra l  minutes 
(Aladzhalova, Kol ' tsova, 1962, 1963a,b). ' W e  f u r t h e r  analyzed a b u r s t l i k e  form 
of a c t i v i t y  i n  the  electrogram, expressed i n  the  per iodic  appearance of groups 
of waves, aga ins t  t h e  background of t h e  electrogram charac te r ized  by g r e a t  regu- 
l a r i t y  and l a rge  amplitude and d i f f e r e n t  from t h e  background i n  frequency 
(Aladzhalova, Kol f t sova ,  1963a,b, 1964a). 

I n p o t e n t i a l ,  

Rapid and very slow e l e c t r i c a l  a c t i v i t y  and measurement of t h e  magni- /io6 
tude of the  cur ren t  charac te r iz ing  oxygen t ens ion  i n  t h e  t i s s u e s  were 
recorded a l t e r n a t e l y  with the same b ipo la r  e lec t rodes  (L. D. Luk'yanova and 
Ye, P.  Kazanskaya, p .  85). Leads were from the  sensorimotor, audi tory  
and v isua l  regions of t he  cor tex  of  the  l a rge  hemispheres and from the  motor 
zone of t he  subcortex (caudate nucleus) .  
animal was f ree  wi th in  t h e  chamber. 

A t  the  time of the  experiment the  

The very slow o s c i l l a t i o n s  of p o t e n t i a l  were recorded by a dc ampl i f ie r  
with symmetrical input  (Aladzhalova, 1956) and wi th  an output t o a n  N-373/2 loop 

-b osci l lograph wi th  a s e n s i t i v i t y  of 10  A. 

More rapid a c t i v i t y  was recorded wi th  a low-frequency &-channel 4EEG-lM 
ampl i f ie r  wi th  pen recording.  

Change i n  Bra in  Oxygen Metabolism Associated 
With Mult iple  Vibrat ion 

I n  our previously published study (Luk'yanova, 1964) we noted t h a t  even 
t en  exposures t o  v ib ra t ion  l e d  t o  the  appearance of an increase  i n  the  dura t ion  
of the phase of increase  
v ibra t ion  stimulus.  After  v ib ra t ion  a phase of decreased consumption was ob- 
served i n  the animals, compared t o  the  normal consumption of oxygen by the  cere-  
b r a l  t i s s u e s .  This s t a t e ,  appearing very r a p i d l y  during t h e  f i r s t  exposures t o  
vibrat ion,  developed a f t e r  t he  t en th  v ib ra t ion  a t  a somewhat l a t e r  time, due 
t o  lengthening of t h e  e x c i t a t i o n  phase. 

of oxygen consumption a r i s i n g  i n  t h e  course of 

The use of a l a r g e  number of v ibra t ions  ( t o  30)  made it poss ib le  f o r  us  t o  
conclude t h a t  t he  lengthening of t h e  phase of increased oxygen consumption can 
lead t o  t h e  v i r t u a l  disappearance of the  f i r s t  i n h i b i t i o n  phase; the  second 
wave of decrease i n  oxygen consumption, s e t t i n g  i n  1-1.5 h r  a f t e r  the end of 
vibrat ion,  apparent ly  corresponds t o  i n t e r n a l  r a t h e r  than  p ro tec t ive  i n h i b i t i o n .  
In  the  experimental animals a s t a b l e  increase i n  oxygen metabolism was 
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\J ibrat ion After v ibra t ion  

Figure 1. Change of AI i n  v i s u a l  r e -  

gion of cor tex,  expressed i n  percent  of 
norm, during and a f t e r  f i rs t  (l), f i f t h  
(2 )  and 25th (3)  exposures t o  v ib ra t ion .  
Decrease i n  A I  i s  evidence of increase  

i n  oxygen consumption, whereas increase  
of AImax i nd ica t e s  decreased oyygen 

consumption i n  t h e  inves t iga ted  region. 

max 

max 

maintained so long t h a t  success ive ly  a r i s i n g  i n h i b i t i o n  did not  appear a t  a l l .  
A s t a t i o n a r y  increase of ce reb ra l  metabolism w a s  observed i n  a l l  inves t iga ted  

I 
p a r t s  and progressed wi th  an increase i n  the  number of v ib ra t ions  ( f i g .  1). 

1 
The decrease i n  oxygen consumption was judged from an increase  i n  A%,, and 

the  increase of oxygen consumption w a s  judged from a decrease i n  AImax 

d e t a i l e d  explanat ion see t h e  a r t i c l e s  of L. D. Luk'yanova (1964b) and L. D.  
Luk'yanova and Y e .  P. Kazanskaya, p. 85. 

For a 

101 



Days 

Figure 2. Changes i n  background AI max 

on d i f f e r e n t  days i n  t h e  case of d a i l y  
and mul t ip le  exposure t o  vibra t ion .  
f i g .  1 f o r  an explanation of t h e  charac te r  
of changes. 
1, Sensorimotor region of cor tex;  
2, v i s u a l  region of cor tex;  3, motor region 
of cortex.  

See 

An inves t iga t ion  of changes i n  background oxygen consumption on d i f f e r e n t  
days also revealed d e f i n i t e  changes apparently r e l a t e d  t o  t r a c e  phenomena 
p e r s i s t i n g  a long time a f t e r  v ibra t ion .  

/io8 

For example, i n  t h e  sensorimotor a n d a d i t o r y  regions of t h e  cortex we ob- 
served a decrease i n  background oxygen metabolism up t o  t h e  f i f t h  v ib ra t ion  
followed by a per iod  of r e l a t i v e  normalization i n  t h e  sensorimotor region of t he  
cortex and an increase i n  background oxygen consumption i n  t h e  auditory cortex.  
Finally,  t he re  was a per iod  of a secondary decrease i n  oxygen metabolism ( f i g .  2 ) .  

I n  the  subcor t i ca l  region t h e r e  also was a d e f i n i t e  phase character  i n  t h e  
change of background oxygen consumption. 
regions f o r  a l l  animals remained v i r t u a l l y  unchanged. 

The oxygen tens ion  i n  a l l  inves t iga ted  
The s c a t t e r  of AImax 

values i n  t h e  background increased with an increase  i n  v ib ra t ion  exposure ( t a b l e  1) 
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F 
i 

. .  

0,64 
0,Sl  
0 , i O  
0 , iO  
0 , i . i  

TABLE 1. CHANGE OF SOME PARAMETERS C W C T E R I Z I N G  
BACKGROUND CONSUMPTION OF OXYGEN I N  BRAIN TISSUES 
OF SENSORIMOTOR CORTEX I N  RAT NO. 10  AS RESULT OF 
MULTIPLE VIBRATION. 

5,76 
7,30 
F,26 
6,26 
6,17 

Date 
-. . . . - . - .. . . 

6.1 IOfi5 

1 0,55 5,02 
2 0 ,S l  7,30 
3 1,11 10,OO 
4 1 ,'O 10,70 

. . - . . . - . 

V.+) N o .  of 
ments 

measure- I hmea,(cm)i 

0,058 
0,070 
0,094 
0,068 

0,so 5 -  ___ - 

hmax('o-' -4) 

0,090 
0,065 
0,055 
0,053 
0,065 

8,11 - 0,068 - 

NOTE: Commas i n  t ab le s  represent  decimal points .  

Change i n  Very Slow Fluctuat ions of Cerebral  
P o t e n t i a l  i n  R a t s  After  Vibrat ion 

The parameters of very slow f luc tua t ions  of t h e  p o t e n t i a l  recorded i n  r a t s  
were s imi la r  t o  those descr ibed f o r  r a b b i t s  and man (Aladzhalova, 1962) .Second-long 
rhythms w i t h  a frequency of 6-11 osci l la t ions/min and an amplitude of O . 3 - l m V  . 
and minute-long rhythms with a frequency of 1-1.5 osc i l la t ions /min  and an 
amplitude of o s c i l l a t i o n  of 0.5-1 mV were observed. 
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The inves t iga t ion  of very slow o s c i l l a t i o n s  of t h e  p o t e n t i a l  i n  t he  per iod 
when the  animal was being accl imat ized t o  t he  experimental conditions (without 
exposure t o  v ib ra t ion )  revealed t h a t  on t h e  second and t h i r d  experimental days 
the re  was considerable i n t e n s i f i c a t i o n  r e l a t i v e  t o  both frequency and amplitude 
(by a f a c t o r  of 2 - 3 ) .  By the  fou r th  experimental day t h e  very slow o s c i l l a t i o n s  
were r e s to red  t o  t h e  i n i t i a l  value ( f i g .  3) .  This apparently i s  r e l a t e d  t o  t h e  
development and ex t inc t ion  of t h e  o r i en t ing  r e f l ex .  

Fifteen-minute v ib ra t ion  l e d  t o  d e f i n i t e  subsequent changes i n  very slow 
f l u c t u a t i o n  of t h e  po ten t i a l ,  which were manifested i n  t h e  form of two s tages  
of i n t e n s i f i c a t i o n  a t  times of 5-30 min and 60-160 m i n  r e spec t ive ly  ( f i g .  4).  
The changes of very slow f luc tua t ions  of t h e  p o t e n t i a l  were observed even a f t e r  
a 5 min vibrat ion,  and they i n t e n s i f i e d  during repeated ( a f t e r  1-1.5 hr) ex- 
posures t o  v ibra t ion .  Thus, i n  this case t h e r e  apparently was  a summation of 
v ib ra t ion  s t i m u l i ,  i n t ens i fy ing  very slow f luc tua t ions  of the p o t e n t i a l .  The 



Figure 3. Change of very slow f luc tua t ions  of t h e  
p o t e n t i a l  i n  t h e  audi tory region of t h e  ce reb ra l  
cor tex  during acc l imat iza t ion  t o  experimental 
conditions.  
1, F i r s t  experimental day; 2, second; 3, t h i r d ;  
4, fou r th  experimental day. 

Figure 4. 
p o t e n t i a l  i n  t h e  audi tory region of t h e  cerebra l  
cor tex a f t e r  t h e  f i r s t  exposure t o  v ib ra t ion  stimulus 
for per iod  of 15 min. 
1, Background (before  v ib ra t ion ) ;  2, 25 min; 3 ,  37 min; 
4, 65 min; 5, 115 min; 6, 145 min a f t e r  exposure t o  
v ibra t ion .  

Change of very slow f luc tua t ions  of t h e  
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r e s t o r a t i o n  of t he  background of very slow f luc tua t ions  after v ib ra t ion  /110 
occurred i n  2.5-3 h r ,  bu t  no t  i n  a l l  experiments. Return t o  normalcy w a s  
n o t  observed i n  severa l  cases  even a f t e r  3.5 h r .  However, on the  f i r s t  days of 
appl ica t ion  o fv ib ra t ion ,  t h e  background of very slow p o t e n t i a l  f l u c t u a t i o n s  w a s  
res tored a f t e r  24 hours. 

La ter ,  wi th  an increase  i n  t h e  number of exposures t o  v ib ra t ion  (not  less 

The s t a b i l i t y  of t h i s  s t a t e  i s  confirme-d 
than  15) there  w a s  a sharp and apparent ly  prolonged or i r r e v e r s i b l e  decrease’.;if 
very slow f luc tua t ions  i n  amplitude. 
by the  f a c t  t h a t  a ce s sa t ion  of v ib ra t ion  f o r  severa l  days d id  not  lead t o  
r e s t o r a t i o n  of very slow o s c i l l a t i o n s .  

Change of Hourly O s  c i l l a t i o n s  of E l e c t r i c a l  Act ivi ty ,  
General Form of Cerebral  Electrogram and B u r s t  

A c t i v i t y  of  R a t s  A f t e r  Vibra t ion  

Hour o s c i l l a t i o n s  of e l e c t r i c a l  ac tTvi ty  were. observed a t  t he  norm i n  a l l  
Each wave of hour o s c i l l a t i o n s  ( increase 

La te r  w e  /111 

inves t iga ted  s t r u c t u r e s  of t h e  bra in .  
of amplitude i n  the EEG) f e l l  e i t h e r  aga ins t  t h e  background of pe r s i s t ence  of 
t h e  former frequency ( i n  most cases) ,  o r  i t s  decrease ( f i g .  5 ) .  
made an ana lys i s  of the l e v e l  of  a c t i v i t y  only i n  amplitude. The simul- 
taneous records of t h e  electrogram from d i f f e r e n t  s t r u c t u r e s  revealed t h a t  the  
waves of hour o s c i l l a t i o n s  appeared synchronously i n  a l l  o r  some of t h e  re- 
corded regions,  and asynchronously as w e l l .  

Upon adaptat ion to t h e  experimental  condi t ions,  t he  l a t e n t  period of ap- 
pearance of hour o s c i l l a t i o n s  o f  e l e c t r i c a l  a c t i v i t y  had a tendency t o  in -  
crease.  The number of waves of o s c i l l a t i o n s  i n  t h i s  case decreased, and each 
wave becane increas ingly  elongated. This phenomenon, noted i n  o the r  animals 
by N.  A. Aladzhalova and A. V .  Kol’ tsova (1962, 1963a,b), apparent ly  i s  a re -  
f l e c t i o n  of a genera l  b io log ica l  law formulated by P. I Gulyayev (1956). Ac- 
cording t o  h i s  f ind ings ,  a t  t h e  s t imula t ion  threshold,  w i th  a gradual  t r a n s i -  
t i o n  i n t o  a s t a t e  of s p e c i f i c  a c t i v i t y ,  a l l  exc i ted  systems first  develop an 
unstable  f l u c t u a t i n g  a c t i v i t y ,  and only then does a s table  and regular a c t i v i t y  
become es t ab l i shed .  

I n  the period of v ib ra t ion ,  as demonstrated ear l ie r  (L. D. Luk’yanova and 
7 5 ) ,  t he  e l e c t r i c a l  p a t t e r n  i n  the  inves t iga t ed  regions Ye. P. Kazanskaya, p .  

d i f f e r s  so  sharp ly  from the  norm, t h a t  it was not  poss ib l e  t o  analyze t h e  
changes of t he  hour o s c i l l a t i o n s  i n  t h i s  per iod.  

/112 

However, i n  t h e  pos tv ib ra t ion  per iod it w a s  poss ib l e  t o  def ine  t h r e e  
per iods assoc ia ted  with c l e a r  changes of t h e  hour o s c i l l a t i o n s  of e l e c t r i c a l  
a c t i v i t y .  

The f i r s t  period (f irst  seve ra l  v ib ra t ions )  w a s  charac te r ized  by t h e  f a c t  
t h a t  even 5-15 min l a t e r  the re  w a s  a c l e a r l y  expressed i n t e n s i f i c a t i o n  o f  t he  
expression of hour o s c i l l a t i o n s  of e l e c t r i c a l  a c t i v i t y  ( increase  of number of 
o s c i l l a t i o n  waves and amplitude of o s c i l l a t i o n s )  . 

I 



Figure 5 .  Example of hour o s c i l l a t i o n s  of e l e c t r i -  
c a l  a c t i v i t y  i n  sensorimotor region of cor tex  i n  
r a t  No. 17. 
1, 2, 3, 4, Di f fe ren t  t imes i n  same experiment; 
5, t i m e  reading i n  sec .  

The second per iod,  s e t t i n g  i n  a f t e r  4-6 v ib ra t ions ,  w a s  charac te r ized  by 
a decrease i n  the  number of waves of hour o s c i l l a t i o n s ,  with a simultaneous 
increase  of  t he  s p e c i f i c  weight of a c t i v i t y  wi th  a g r e a t  amplitude, t h a t  is, 
there  w a s  t he  same p a t t e r n  of change of hour o s c i l l a t i o n s  of e l e c t r i c a l  ac t iv -  
i t y  observed during habi tua t ion  of  t he  animal t o  t h e  experimental  condi t ions.  
However, t h i s  occurred aga ins t  t h e  background of a general  decrease of t h e  
amplitude l e v e l  of e l e c t r i c a l  f l uc tua t ions .  

The t h i r d  period, appearing a f t e r  the  25th v ib ra t ion ,  again was charac- 
t e r i zed  by an increase  i n t h e  number of waves of hour o s c i l l a t i o n s .  This 
period continued without  s i g n i f i c a n t  changes up t o  t h e  end of t he  i n v e s t i -  
gat ions.  

Against t he  background of development of  hour o s c i l l a t i o n s  of e l e c t r i c a l  
a c t i v i t y  there  appeared a bu r s t l i ke  form of  a c t i v i t y .  The bu r s t s  occurred 
both a t  t h e  high-amplitude l e v e l  of a c t i v i t y  and a t  t h e  low-amplitude l e v e l  
and were observed i n  a l l  inves t iga ted  s t ruc tu res .  They could appear both 
synchronously, i n  general ized form, and l o c a l l y  i n  only some of  t h e  recorded 
s t r u c t u r e s  ( f i g .  6).  

Upon adapta t ion  t o  experimental conditions,  t h e r e  w a s  a gradual  decrease 
in t he  b u r s t l i k e  a c t i v i t y  of t h e  motor and v i s u a l  regions and o f t h e  subcortex.  
I n  the  audi tory  region the re  were no decreases i n  t h e  b u r s t l i k e  a c t i v i t y ,  
which possibly was r e l a t e d  i n  t h i s  case t o  g r e a t e r  a c t i v a t i o n  of t h e  audi tory  
analyzer i n  animals s i t t i n g  motionless i n  the  chamber. After the  f i rs t  
exposures t o  v ibra t ion ,  t h e r e  w a s  an i n t e n s i f i c a t i o n  of  t h e  b u r s t l i k e  a c t i v i t y .  
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4 n  rl n n n n n n 

Figure 6. Example of b u r s t l i k e  a c t i v i t y  i n  b r a i n  
s t r u c t u r e s  of t h e  ra t .  
1, Sensorimotor region of cortex; 2, v i s u a l  region 
of cortex; 3, caudate nucleus; 4, time reading 
i n  see.  

There was an increase  of the number of bu r s t s  and t h e i r  dens i ty ,  t h a t  is, the 
number of bu r s t s  per  u n i t  t ime.  The maximum number of bu r s t s  occurred a t  the 
time of the 3d-6th v ib ra t ions .  
v ib ra t ions ,  t he re  was a decrease of t he  b u r s t l i k e  a c t i v i t y ,  more c l e a r l y  ex- 
pressed i n  the aud i to ry  region. This process developed i n  wavelike fashion, 
up t o  completedisappearance of bu r s t s  a f t e r  t h e  26th v ib ra t ion .  

La ter ,  wi th  an increase  i n  t h e  number of 

A more d e t a i l e d  ana lys i s  of t he  electrogram f o r  animals subjected t o  mul- 
t i p l e  v ib ra t ion  a l s o  r e v e a l e d t h r e e  main periods i n  development of t h e  a f t e r -  
e f f e c t  r eac t ion .  

The f i r s t  period (4th-8th v ib ra t ion )  was charac te r ized  by t h e  f a c t  /ll3 
t h a t  with cessa t ion  of t he  e f f e c t  of exposure t o  v ib ra t ion ,  the high- 
amplitude hypersynchronized s inuso ida l  rhythm, s e t t i n g  i n  a t  the time of vibra- 
t i on ,  a s  demonstrated i n  the a r t i c l e  of L. D. Luk'yanova and Ye. P. Kazanskaya, 
p .  7 5 ,  p e r s i s t e d  f o r  some time (30-60 s e e ) .  Then, af ter  a s h o r t  phase of 
desynchronization, t h e r e  w a s  a c l e a r l y  expressed mani fes ta t ion  of a b u r s t l i k e  
a c t i v i t y .  This a c t i v i t y  was expressed b e t t e r  i n  t h e  caudate nucleus, t o  a some- 
what l e s s e r  degree i n  the  sensorimotor cortex,  and could not  be de tec ted  a t  
a l l  i n  the v i s u a l  region of t h e  cortex.  Figure 6 shows t h e  propagation of 
such a b u r s t  from t h e  motor reg ion  of t he  subcortex i n t o  t h e  sensorimotor cor- 
tex.  The predominance of t h e  b u r s t l i k e  a c t i v i t y  i n  t h e  f i rs t  30 min a f t e r  
exposure t o  v ib ra t ion  coincided i n  time wi th  the  appearance of a decreased 
oxygen consumption i n  these  same animals and the complete e x t i n c t i o n  (as we 
w i l l  see below) of conditioned and unconditioned r eac t ions .  
t he re fo re ,  t h a t  i n t e n s i f i c a t i o n  of t h e  b u r s t s  a t  t h i s  s tage r e f l e c t e d  a s t a t e  
of i nh ib i t i on ,  developing i n  the  h igher  p a r t s  of t h e  CNS ( f i g .  7). 

It can be assumed, 



Immediately a f t e r  
v ib ra t ion  

Figure 7.. Change of rapid e l e c t r i c a l  a c t i v i t y  
a f t e r  4th v ibra t ion  (first per iod)  i n  r a t  N o .  17. 
Minutes and hours ind ica t e  time e laps ing  a f t e r  
v ibra t ion .  Other no ta t ions  same a s  i n  f i g .  6. 

Thi r ty-s ix ty  minutes a f t e r  v ib ra t ion  i n  the  cor tex  and sometimes the  
subcortex as  we l l  we observed t h e  appearance of slow synchronous rhythms 
of t he  d e l t a  wave type with a frequency of 2-3 cps usua l ly  appearing during 
s leep.  
sunrption i n  t h e  ce reb ra l  t i s s u e s  a f t e r  v ibra t ion ,  such a p i c t u r e  can apparently 
be r e l a t e d  to t he  appearance of  a second wave of d i f fused  i n h i b i t i o n  t r ansp i r ing  
i n  a similar manner t o  i n t e r n a l  i nh ib i t i on .  On t h e  f i r s t  days a f t e r  

/ l l 5  

Since t h i s  pe r iod  coincided with a secondary decrease i n  oxygen con- 
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exposure t o  v ibra t ion ,  t h i s  period l a s t e d  seve ra l  t e n s  of minutes; l a t e r  it 
was reduced i n  t i m e  ( t o  1 min). 
depression of rhythms i n  a l l  inves t iga ted  p a r t s  of t h e  bra in ,  p e r i o d i c d l y  
a l t e rna t ing  with a high-amplitude b u r s t l i k e  a c t i v i t y .  Restorat ion of e l e c t r i -  
c a l  a c t i v i t y  t o  the i n i t i a l  values observed p r i o r  t o  v ib ra t ion  could not  be 
recorded i n  any inves t iga ted  p a r t  of t h e  bra in ,  even 3 h r  a f t e r  exposure. 

Upon completion of t h i s  period there  w a s  

The second period of changes of b i o e l e c t r i c  a c t i v i t y  of  t he  b r a i n  during 
a r egu la r ly  repeated exposure t o  v ib ra t ion  w a s  charac te r ized  pr imar i ly  by a 
change i n  background a c t i v i t y .  

Whereas p r i o r  t o  exposure t o  v ib ra t ion  during t h e  inves t iga t ion  of t he  
animal 's  electrogram we  could def ine  severa l  bas ic ,  t y p i c a l  forms of rap id  
f luc tua t ions ,  i n  t h e  second per iod the  e l e c t r i c a l  a c t i v i t y  of t he  b r a i n  w a s  
character ized by ex t raord inary  i n s t a b i l i t y ,  the  appearance of ind iv idua l  high- 
amplitude slow o s c i l l a t i o n s  (1 cps and more) and i n t e n s i f i c a t i o n  of t h e  
bu r s t l i ke  a c t i v i t y  ( increase  i n  both dens i ty  of t he  bu r s t s  and dura t ion  of 
t h e i r  appearance). 
rhythms, p e r s i s t i n g  a long time i n  a l l  inves t iga ted  regions.  I n  t h i s  per iod 
there  wasno r e s t o r a t i o n  of background a c t i v i t y  t o  the i n i t i a l  p rev ib ra t ion  
l e v e l  f o r  a period of s eve ra l  hours a f te r  exposure, and depression predomi- 
nated 1-1.5 h r  a f t e r  v ib ra t ion .  

After v ib ra t ion  s t imula t ion  the re  w a s  a depression of 

The t h i r d  per iod,  occurring a f t e r  the  20th-25th v ib ra t ion ,  w a s  charac- 
t e r i zed  by disappearance i n t h e  background a c t i v i t y  of a broad range of rhythmic 
o s c i l l a t i o n s ,  observed ear l ie r ,  e s p e c i a l l y  i n  the second period, wi th  decrease 
of  t he  amplitude of a c t i v i t y  t o  complete depression of t h e  rhythms. The 
b u r s t l i k e  a c t i v i t y  i n  the  animals p r i o r  t o  v ibra t ion  disappeared. After vibra-  
t i o n  w e  observed prolonged ( t o  10  min) pers i s tence  of synchroni'zed high- 
amplitude s inusoida l  o s c i l l a t i o n s ,  manifesting ( a s  mentioned i n  t h e  a r t i c l e  
by L .  D. Luk'yanova and Y e .  P. Kazanskaya) again i n  t h i s  per iod,  a t  t h e  time 
of  the  v ib ra t ion  i t se l f ,  t h e i r  s t i l l  g r e a t e r  infrequency and increased ampli- 
tude.  
s ion or with low-amplitude synchronized o s c i l l a t i o n s  with a frequency of 7-81 
sec.  

Then a l t e r n a t e  rhythms appeared, e i t h e r  w i t h  per iods of complete depres- 

If slow o s c i l l a t i o n s  d id  not  appear a t  t he  t i m e  of v ibra t ion ,  i m m e -  /116 
d i a t e l y  following it w e r e  per iods of complete depression of rhythms, a l t e r -  
na t ing  with low-amplitude synchronized o s c i l l a t i o n s  with a frequency of 8 cps 
( f ig .  8) .  

The p i c tu re  of changes i n  e l e c t r i c a l  a c t i v i t y  a t  d i f f e r e n t  l e v e l s  of t h e  
b r a i n  described here i s  an extreme case,  and cha rac t e r i zes  the  development of a 
r eac t ion  i n  animals which apparent ly  are exceedingly s e n s i t i v e  t o  v ibra t ion .  
I n  cases when t h i s  r eac t ion  w a s  less c l e a r  and when i n  t h e  course of v ib ra t ion  
there  w e r e  no hypersynchronized s inusoida l  o s c i l l a t i o n s ,  t he re  never the less  
was a c l e a r l y  expressed decrease i n  t h e  frequency of o s c i l l a t i o n s  i n  t h e  after-  
e f f e c t ,  wi th  pe r s i s t ence  or s l i g h t  increase i n  t h e i r  amplitude. This process  
w a s  expressed wi th  i d e n t i c a l  c l a r i t y  i n  t h e  d i f f e r e n t  p a r t s  of t h e  cor tex  and 
coincided i n  time wi th  t h e  f i rs t  and second decreases i n  oxygen consumption i n  
these  same parts of t h e  bra in .  



Figure 8. 
during t h e  3 r d  per iod  i n  ra t  No.  17. Notations 
same as i n  f i g .  6. 

Change of r ap id  e l e c t r i c a l  a c t i v i t y  

The Effec t  of Mult iple  Vibrat ions on t h e  Conditioned 
Reflex Ac t iv i ty  of A n i m a l s  

The l i t e r a t u r e  on t h i s  problem and t h e  research  methods a r e  presented /117 
i n  t he  a r t i c l e  by N. N. L ivsh i t s  and Ye. S. Meyzerov, p. 61. 

The animal was exposed t o  27 d a i l y  v ib ra t ions  (except  Sundays). Experiments 
were c a r r i e d  out immediately a f t e r  each v ib ra t ion  and th ree  hours l a t e r .  Normally 
the  animal w a s  charac te r ized  by s t a b l e  conditioned r e f l exes  ( f i g .  g), proper force  
r e l a t ionsh ips  and absolute  d i f f e r e n t i a t i o n s .  From time t o  time t h e r e  were i n t e r -  
s igna l  reac t ions .  

Adjustment of t h e  e lec t rodes  d i d  not  cause any appreciable  deviat ions of 
higher nervous a c t i v i t y  from normal. 

After  t h e  f i r s t  v ibra t ion ,  t he  a r t i f i c i a l  and n a t u r a l  conditioned r e f l exes  
were completely absent ( f i g .  9) and t h e  motor a c t i v i t y  of t he  rat was inh ib i t ed .  
During t h e  e n t i r e  time of t h e  experiment t h e  animal was i n  a s ta te  of deep i n t e r n a l  
i nh ib i t i on .  
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Days 
A B C 

Figure 9.  Effect  of mul t ip le  v ib ra t ions  on 
t h e  mean t o t a l  value of conditioned r e f l exes .  
Along x-axis -- t ime i n  days. A, Normal; 
B, per iod  of v ib ra t ions ;  C, a f t e r  ce s sa t ion  
of v ib ra t ions .  Along y-axis -- mean t o t a l  
values  of condi t ioned r e f l exes  i n  r e l a t i v e  
un i t s .  1, Immediately a f t e r  v ib ra t ion ;  2, 3 
hr  a f t e r  v ib ra t ion .  

Subsequent v ibra t ions  a l s o  caused se r ious  d i s rup t ions  of conditioned 
r e f l e x  a c t i v i t y ,  expressed by complete e x t i n c t i o n  of  a r t i f i c i a l  conditioned 
and p a r t  o f  t h e  n a t u r a l  conditioned r e f l exes .  The experiments made th ree  
hours a f t e r  the f i r s t  four  v ibra t ions  revealed deep d i s rup t ions  of h igher  
nervous a c t i v i t y ,  s imi l a r  t o  the phenomena observed i n  experiments ca r r i ed  
o u t  immediately a f t e r  v ibra t ions .  On the day of t h e  f i r s t  exposure the re  w a s  
no d i f fe rence  i n  the  conditioned r e f l e x  a c t i v i t y  of a r a t  i n  examinations car- 
r i e d  out immediately a f t e r  v ib ra t ion  and th ree  hours l a t e r .  Beginning with the  
10 th  v ib ra t ion  there  was some improvement of h igher  nervous a c t i v i t y ,  compared 
t o  t h e  preceding per iod.  A t  t h i s  t i m e  a r t i f i c i a l  conditioned r e f l exes  usua l ly  
were absent only i n  t h e  second ha l f  of t h e  experiment, b u t , t h e  l a t e n t  per iods 
of the  r e f l exes  present  were considerably lengthened, compared t o  the i n i t i a l  
background ( f i g .  1 0 ) .  I n  ind iv idua l  cases  the re  w a s  r e f u s a l  t o  take  food. 
The higher nervous a c t i v i t y  of t h e  ra t  remained a t  t h i s  l e v e l  w i th  i n s i g n i f i -  
cant  f l uc tua t ions  u n t i l  t he  21s t  v ibra t ion .  I n  t h e  experiments ca r r i ed  out  
th ree  hours a f t e r  the  v ib ra t ions ,  t he re  was p a r t i a l  r e s t o r a t i o n  of conditioned 
r e f l e x  a c t i v i t y  according t o  a number of ind ices .  After the  21s t  v ibra t ion ,  
desp i te  continuing exposure, t he re  w a s  f u r t h e r  improvement of higher  nervous 
a c t i v i t y .  
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I n  t h i s  period the re  w e r e  no ex t inc t ions  of a r t i f i c i a l  conditioned re- 
flexes f o r  e i t h e r  s t rong or weak s t imu l i ,  bu t  t h e  values of t he  reflexes re- 
mained considerably below the  i n i t i a l  values ( f i g .  9 ) .  The l a t e n t  per iods be- 
came shor t e r ,  bu t  d id  not  reach the  norm. W e  observed t h i s  same p i c t u r e  a f te r  
f u r t h e r  exposures t o  v ib ra t ion  and i n  t h e  course of fou r  days a f t e r  t h e i r  
ce s sa t ion .  
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Figure 10. E f f e c t  of  mul t ip le  v ib ra t ions  on 
mean l a t e n t  periods of formed ( a r t i f i c i a l )  condi- 
t ioned and n a t u r a l  r e f l exes .  
Along x-axis  -- time i n  days. A, Kormal; By period 
of v ibra t ions ;  C ,  a f ter  cessa t ion  of v ibra t ions .  
1, 2, Immediately a f t e r  v ibra t ion ;  3, 4, 3 h r  
a f t e r  v ibra t ion ;  1, 3, formed ( a r t i f i c i a l )  condi- 
t ioned r e f l exes ;  2, 4, n a t u r a l  conditioned 
r e f l exes .  

I n  the  experiments car r ied  out th ree  hours a f t e r  v ib ra t ions  there  was /ll9 
some improvement of t h e  higher  nervous a c t i v i t y  of the  r a t ,  a s  compared t o  
i t s  s t a t e  immediately a f t e r  v ib ra t ions  on the  same day of t h i s  period ( f i g s .  9 
and 1 0 ) .  However, i n  not  one of t he  experiments, ca r r i ed  out  even th ree  hours 
a f t e r  vibrat ion,  
approach i t s  i n i t i a l  l e v e l .  Observations w e r e  continued f o r  23 days a f t e r  the  
end of v ibra t ions .  P r i o r  t o  the  end of observat ions the  higher nervous ac t iv -  
i t y  of t he  r a t  s t i l l  had not re turned t o  i t s  i n i t i a l  l e v e l .  
period there  w a s  an obvious tendency t o  i t s  normalizat ion.  
reac t ions  t o  a l l  p o s i t i v e  s t imu l i ,  bu t  t h e i r  values were lower than a t  t h e  
normal ( f i g .  9 ) ;  t h e  l a t e n t  per iods of both a r t i f i c i a l  and n a t u r a l  conditioned 
r e f l e x e s  decreased s t i l l  more and reached t h e  i n i t i a l  l e v e l  ( f i g .  10). There 
were no r e j e c t i o n s  of food during t h i s  period. I n  not  one of  t he  experiments 
car r ied  out  i n  the  pos tv ib ra t ion  period were any phase phenomena discovered. 

did t h e  s t a t e  of t he  h igher  nervous a c t i v i t y  of the  r a t  

However, i n  t h i s  
There were response 

It should be noted t h a t  i n  a l l  t he  experiments, without  exception, which 
were ca r r i ed  out  both i n  t h e  period of v ib ra t ions  and a f t e r  t h e i r  cessa t ion ,  
the d i f f e r e n t i a t e d  i n h i b i t i o n  of t he  rat  w a s  s t a b l e ,  and a t e s t  with lengthen- 
i n g  of d i f f e r e n t i a t i o n  t o  60 sec,  ca r r i ed  out  on t h e  5 th  day a f t e r  cessa t ion  
of v ibra t ions ,  did not  cause i t s  d is rupt ion .  

Discussion of Resul ts  

Comparison of t he  changes of t he  func t iona l  s ta te  of t he  higher  p a r t s  of 
t h e  bra in ,  inves t iga ted  i n  t h i s  study by var ious  methods, ind ica ted  d e f i n i t e  
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pa t t e rns  of t h e i r  development i n  the  case of mul t ip le ,  repeated exposure t o  
v ibra t ion  and d i f f e r e n t i a t e d  them from the  poss ib le  changes observed i n  normal 
amimals . 

I n  p a r t i c u l a r ,  t he re  i s  a completely d e f i n i t e  phase charac te r  i n  t h e  
changes of d i f f e r e n t  ind ices  of t he  func t iona l  s t a t e  of t h e  CNS i n  response t o  
exposure t o  v ibra t ion .  The t i m e  parameters of  t h e  most c l e a r l y  expressed 
changes f o r  each inves t iga ted  index agree w e l l  wi th  one another .  

For example, i n  a l l  cases  w e  succeeded i n  def in ing  t h e  f i r s t  period i n  the  
response reac t ion  of the  animal t o  v ib ra t ion .  Judging from t h e  changes i n  
oxygen consumption, i t  was expressed i n  a sharp decrease i n  oxygen metabolism 
i n  cerebra l  t i s s u e s  a f t e r  v ibra t ion ,  which could be an expression of t h e  
appearance of a s t a t e  of general ized i n h i b i t i o n  i n  t h e  h igher  p a r t s  of t h e  
b r a i n .  This opinion i s  confirmed by experiments on inves t iga t ion  of  the  con- 
d i t i oned  r e f l exes  i n  animals af ter  v ibra t ion ,  i n  which it w a s  demonstrated 
t h a t  there  w a s  complete ex t inc t ion  i n  t h e  course of s eve ra l  hours a f t e r  expo- 
sure ( f i r s t  four  v i b r a t i o n s ) .  This p i c tu re  i s  evidence of a sharp ly  ex- /120 
pressed a t t enua t ion  of the  e x c i t a t i o n  process i n  the  nervous system, ex- 
pressed i n  the  extreme phase of p ro tec t ive  i n h i b i t i o n .  The absence of d i s in -  
h i b i t i o n  of d i f f e r e n t i a t i o n s  i n  t h i s  period apparent ly  ind ica t e s  a summation of 
the  p ro tec t ive  and n a t u r a l  i nh ib i t i ons .  The p i c t u r e  of t he  e l e c t r i c a l  ac t iv -  
i t y  of t he  b ra in  i n  t h i s  period a l s o  i s  confirmation of t h e  concept of t he  
presence of a long p e r s i s t i n g  s t a t e  of i n h i b i t i o n  i n  the  inves t iga ted  regions 
of  the  bra in ,  a r i s i n g  i n  place of overexc i ta t ion  of t h e  nerve centers  during 
v ibra t ion  (L .  D .  Luk'yanova and Ye. P. Kazanskaya). 

The complete coincidence of t h e  two phases of i n t e n s i f i c a t i o n  of very slow 
p o t e n t i a l  with t i m e  wi th  a decrease i n  oxygen consumption of  t h e  ce reb ra l  
t i s s u e s  i n  t h i s  period is  a weighty demonstration of t h e  i n t e r r e l a t i o n s h i p  be- 
tween t h i s  type of elec't.rica1 a c t i v i t y  and the  oxygen metabolism of the bra in .  
It should be noted t h a t  N.  A. Aladzhalova (1962) i n  he r  s tudy a l s o  demonstrated 
an i n t e n s i f i c a t i o n  of t he  very slow f l u c t u a t i o n  of  p o t e n t i a l  a f t e r  prolonged 
asphyxia. 

Therefore,  it must be surmised t h a t  oxygen metabolism i n  the  t i s s u e s  i s  
r e l a t ed  d i r e c t l y  t o  the genes is  of very slow p o t e n t i a l .  According t o  ava i l ab le  
da ta  i n  the  l i t e r a t u r e  (Aladzhalova, Kol ' tsova,  1938), i n t e n s i f i c a t i o n  of very 
slow f l u c t u a t i o n s  of p o t e n t i a l  u sua l ly  i s  observed under the  inf luence of  
s t r e s s  s t imu l i  and under condi t ions when the  e f f e c t  of some f a c t o r  becomes 
systematic .  The i n t e n s i f i c a t i o n  of very slow o s c i l l a t i o n s ,  even 20 min a f t e r  
t h e  f i r s t  s t imula t ion  by v ibra t ion ,  i s  evidence t h a t  i n  t h i s  case the re  i s  
development of a s t r e s sed  s t a t e .  Vibrat ion a s  a stress s t imulus apparent ly  
causes ser ious  changes i n  the  d i f f e r e n t  autonomic func t ions  of t h e  body, 
e spec ia l ly  i n  the  neurohumoral i n t e r r e l a t i o n s .  This,  i n  t u r n ,  i n e v i t a b l y  
should lead t o  development of i n s t a b i l i t y  of nervous processes .  

According t o  t h e  da t a  of N.  A. Aladzhalova and A. V. Kol ' tsova (1962) and 
o ther  authors ,  t he  development of uns tab le  states i n  t h e  nervous system leads  
t o  appearance o f  an o s c i l l a t o r y  process  i n  t he  development o f  e l e c t r i c a l  phe- 
nomena. Therefore, t h e  i n t e n s i f i c a t i o n  of very slow p o t e n t i a l  f l u c t u a t i o n s ,  



hour o s c i l l a t i o n s  and b u r s t l i k e  forms of a c t i v i t y ,  which w e  observed a f t e r  
appl ica t ion  of t he  f i r s t  v ib ra t ion  and which i n t e n s i f i e d  i n  t h e  subsequent 
v ibra t ions  (4th-6th exposures),  i nd ica t e s ,  apparent ly ,  t h a t  t he re  i s  a sharp 
d i s rup t ion  of normal func t iona l  i n t e r r e l a t i o n s  i n  the  nervous system i n  t h i s  
period, a s  a r e s u l t  of which i n  the  continuing stress e f f e c t  t he re  should be 
an inev i t ab le  subsequent t r a n s i t i o n  of t he  e n t i r e  system t o  a new funct iona l  
l e v e l .  

The second period, whose onset  i n  ind iv idua l  cases  a l ready  could be ob- 
served a f t e r  t h e  4 th  v ib ra t ion ,  apparent ly  i s  charac te r ized  as a per iod of /121 
appearance of compensatory-adaptative r eac t ions  and r e l a t i v e  normalizat ion 
of t he  funct ions.  This period can be of d i f f e r e n t  dura t ion  i n  d i f f e r e n t  an i -  
m a l s ,  and it occasional ly  does not appear a t  a l l .  I n  those cases when it does 
develop, it i s  poss ib le  t o  note a decrease i n  t h e  changes of oxygen metabolism 
and some s t a b i l i z a t i o n  and normalization o f  it i n  the  background a f t e r  a 
v ibra t ion  s t imulus,  appearance of na tu ra l ,  and then a r t i f i c i a l  conditioned re- 
f lexes ,  a t  f i r s t  t h r e e  hours a f t e r  v ib ra t ion , and  then  a t  an e a r l i e r  time, a 
decrease of b u r s t l i k e  a c t i v i t y  on the  EEG. 

Relat ive acc l imat iza t ion  t o  v i b r a t i o n  wi th  r e spec t  t o  t h e  p a t t e r n  of e lec-  
t r i c a l  a c t i v i t y ,  apparent ly  i s  a l s o  r e f l e c t e d  i n  t h e  f a c t  t h a t  a f t e r  s t imula-  
t i o n  by v ibra t ion  the  t o t a l  number of o s c i l l a t i o n s  decreases ,  with s imulta-  
neous increase of a c t i v i t y  wi th  a high amplitude and decrease of t he  gap be- 
t w e e n a c t i v i t y w i t h  high and low amplitude. A similar phenomenon i s  a l s o  ob- 
served normally during acc l imat iza t ion  t o  experimental  condi t ions.  

However, desp i t e  t h e  unquestionable presence of compensatory-adaptative 
e f f e c t s  and t h e i r  c l e a r  manifestat ion a t  t he  beginning of t h i s  per iod,  with an 
increase i n  the  number of exposures t o  v ib ra t ion  the re  i s  f u r t h e r  change of 
t h e  t o t a l  func t iona l  l e v e l .  The l a t t e r  i s  ind ica ted  by a gradual  change of 
background a c t i v i t y  of e l e c t r i c a l  o s c i l l a t i o n s  i n  animals character ized by 
exceptional i n s t a b i l i t y ,  v a r i e t y  of the  rhythms, appearance of slow 
p o t e n t i a l  f l uc tua t ions  and i n t e n s i f i c a t i o n  of t h e  number and dens i ty  of 
burs t s .  This i s  a l s o  ind ica ted  by i n s t a b i l i t y  of t h e  background consumption 
of oxygen i n  t h i s  per iod,  and a l s o  b y  t h e  f a c t  t h a t  t he re  i s  no s i g n i f i c a n t  
decrease o r  t o t a l  disappearance of t h e  hour f l u c t u a t i o n s  of e l e c t r i c a l  
a c t i v i t y .  

Obviously, t h e  observed func t iona l  changes s t a b l y  change the  absolute  
l e v e l  of constant p o t e n t i a l  (Rusinov, 1947, 1962) t o  such an ex ten t  t h a t  very 
slow p o t e n t i a l  f l u c t u a t i o n s  are not  recorded aga ins t  the  background of these  
changes. As a r e s u l t ,  t he re  i s  a gradual  decrease i n  t h e  amplitude of the  
very slow f luc tua t ions ,  u n t i l  they  disappear completely. The e l e c t r i c a l  ac t iv -  
i t y  of t he  b ra in  of t he  animal during (I,. D. Luk'yanova and Y e .  P. Kazanskaya) 
and a f t e r  v ibra t ion  i s  chaxacterized i n  t h i s  period by a gradual replacement 
of  a l l  observed rhythms by t h e i r  depression. 

The t h i r d  period ( a f t e r  t h e  20th-22nd v ib ra t ions )  i s  character ized by an in -  
crease of oxygen consumption during v ibra t ion  which i s  more c l e a r l y  expressed 
but it i s  not replaced l a t e r  by a phase of depression of oxidat ion processes .  
This f a c t  forces  us t o  assume t h a t  p ro t ec t ive  i n h i b i t i o n  does not  develop a t  
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t h i s  s tage  a f t e r  s t imula t ion  by v ib ra t ion .  
a c t i v i t y  i n  t h i s  period completely confirms 
s p e c i f i c a l l y  a t  these  t i m e s  (af ter  the  21st 

The s t a t e  of conditioned reflex 
t h i s  opinion. As  we have seen, 
v ib ra t ion )  t h e r e  w a s  a c l e a r l y  ex- 

pressed tendency t o  r e s t o r a t i o n  of conditioned reflex- a c t i v i t y .  There w a s  a 
considerable decrease i n  the  value of t he  l a t e n t  per iods  and an  increase  
i n  the  i n t e n s i t y  of t he  r e f l e x ,  although both these  ind ices  f a i l e d  t o  r e t u r n  
t o  the  i n i t i a l  l e v e l .  The e a r l i e r  observed frequent  cases  of e x t i n c t i o n  of 
a r t i f i c i a l  and n a t u r a l  conditioned reflexes d id  no t  occur a t  a l l ;  t h e  fo rce  
r e l a t ionsh ips  were co r rec t .  

/122 

However, ana lys i s  of  t he  EEG revealed t h a t  t h i s  r e l a t i v e  normalization 
was accompanied by a gradual  change i n  e l e c t r i c a l  a c t i v i t y .  I n  p a r t i c u l a r ,  
the  most c h a r a c t e r i s t i c  f e a t u r e  was t h e  appearance of a depression of  rhythms 
during and a f t e r  v ib ra t ion  and i t s  predominance i n  the  background a c t i v i t y  
of t he  EEG i n  d i f f e r e n t  parts of the bra in ,  and e s p e c i a l l y  i n  t h e  c o r t i c a l  
regions.  I n  t h i s  same period t h e r e  again w a s  a tendency towmd decreased 
background oxygen consumption by the  ce reb ra l  t i s s u e s .  There w a s  an increase  
i n  the  number of cases  when i n  response t o  s t imula t ion  by v ib ra t ion  the re  was 
no typ ica l  p i c tu re  wi th  t h e  appearance of slow hypersynchronized o s c i l l a t i o n s  
(L. D. Luk'yanova and Ye. P. Kazanskaya, p .  7 5 ) ,  and the  EEG maintained a 
f l a t t e n e d  appearance, almost without  any rhythms. These observat ions ind ica t e  
a decrease i n  the  e x c i t a b i l i t y  of t h e  cor tex  t o  spontaneous pe r iphe ra l  impul- 
s a t i o n  o r  a p a r t i a l  blocking of t he  l a t t e r  a t  t he  subcor t i ca l  l e v e l .  The 
appearance of minor synchronization, occurr ing i n  ind iv idua l  cases i n  t h i s  
period a f t e r  v ibra t ion  a t  a very low amplitude l e v e l ,  apparent ly  i s  a l s o  an 
expression of t h e  involvement of  nerve c e l l s ,  whose e x c i t a b i l i t y  is  g r e a t l y  
decreased. Therefore, t h e  p a r t i a l  improvement of conditioned reflex a c t i v i t y  
i s  no t  an ind ica t ion  of  normalizat ion o f  t h e  func t iona l  s ta te  of t h e  cortex,  
but i nd ica t e s  t h a t  due t o  a decrease i n  e x c i t a b i l i t y  the  cor tex  no longer  
r eac t s  t o  v ib ra t ion  i n  the  way observed i n  the  f i r s t  exposures t o  v ib ra t ion .  

This a l s o  i s  ind ica ted  by t h e  f a c t  t h a t  t he  conditioned r e f l exes  remain 
a t  a low l e v e l  f o r  th ree  weeks a f t e r  cessa t ion  of v ib ra t ion .  Such a decrease 
of e x c i t a b i l i t y  i s  of adapta t ive  s ign i f icance  p ro tec t ing  t h e  co r t ex  aga ins t  
extreme s t imulat ion.  

From t h i s  po in t  of view w e  can a l s o  understand the  p i c t u r e  of al tered 
oxygen consumption i n  ind iv idua l  animals, when the re  i s  progressive increase  
of  t he  phase of i t s  increased u t i l i z a t i o n ,  up t o  complete disappearance of 
the  s t a t e  of decreased oxygen consumption by ce reb ra l  t i s s u e s ,  developing a t  
t h e  time of the f irst  exposures t o  v ibra t ion .  Against t he  background of a 
general  decrease of e x c i t a b i l i t y  t o  pe r iphe ra l  impulsation, t h e  v ib ra t ion  
s t imulus can no longer  cause overexc i ta t ion  of neura l  elements, and p r o t e c t i v e  
i n h i b i t i o n  a l s o  does not  appear. Thus, lengthening o f  t h e  phase of increased 
oxygen consumption expresses  only  a re la t ive ,minor ,  and b r i e f  fbnc t iona l  
r e v i t a l i z a t i o n  of t h e  opera t ion  of  t h e  b r a i n  aga ins t  a background of a genera l  
s t a b l e  depression of  i t s  metabolism, and it i s  no t  r e l a t e d  t o  a t r a n s i t i o n  /l23 
of the  body t o  a new, h igher  func t iona l  l e v e l .  

A s imi l a r  ex te rna l  manifestat ion,  expressed i n  a decrease of t h e  i n h i b i -  
t i o n  phase a f t e r  v ibra t ion ,  although having a d i f f e r e n t  mechanism, w a s  observed 



i n  our inves t iga t ions  af ter  an a r t i f i c i a l  decrease of t he  f l u x  of pe r iphe ra l  
impulsation as a r e s u l t  of a p a r t i a l  s u r g i c a l  des t ruc t ion  of t he  audi tory  
apparatus (L. D. Luk'yanova and S. M. Ambrosova, p .  8 8 ) .  The disappearance 
of t h e  b u r s t l i k e  a c t i v i t y  i s  apparent ly  a l s o  r e l a t e d  t o  a decrease i n  t h e  ex- 
c i t a b i l i t y  of  t he  higher  p a r t s  of the bra in .  

Thus, summarizing t h e  above, t h e  gene ra l  conclusion may be drawn t h a t  a s  a 
r e s u l t  of sys temat ica l ly  repeated exposure t o  s t imula t ion  by v ibra t ion  t h e  
animal body i s  subjected t o  a long func t iona l  reorganiza t ion  of i t s  a c t i v i t y .  
However, due t o  t h e  extreme charac te r  of t h e  inves t iga ted  s t imulus,  causing 
d isequi l ibr ium of t h e  most v i t a l l y  important system -- the  higher  p a r t s  of the  
b ra in  - -  and leaving  a prolonged a f t e r e f f e c t  i n  them, capable of summation, the  
compensatory mechanisms are inadequate f o r  r e s to r ing  and maintaining a normal 
o r  near-normal func t iona l  l e v e l .  AS a r e s u l t ,  t he re  i s  gradual  exhaustion of 
nervous processes,  l ead ing  t o  a genera l  decrease i n  genera l  func t iona l  a c t i v i t y .  

The wavelike development and ra te  of onset  of v ib ra t ion  s ickness  apparent- 
l y  depend on the  i n t e n s i t y  r e l a t i o n s  between i n h i b i t i o n  and e x c i t a t i o n  proc- 
esses .  I n  t h e  case of except iona l ly  s t rong e x c i t a t i o n  and i n h i b i t i o n  processes 
and the  presence of h igh ly  developed compensatory adapta t ions ,  there  can be a 
considerably longer  r e s i s t ance  of the body t o  v ibra t ion ,  i n  o ther  words, per -  
s i s t ence  of a qu i t e  high l e v e l  of func t iona l  a c t i v i t y  OB t he  body. However, 
i n  the cases  analyzed i n  t h i s  s tudy the re  was a progressive decrease i n  t h e  
func t iona l  l e v e l ,  aga ins t  whose background the response r eac t ion  of t he  d i f -  
f e r e n t  inves t iga ted  ind ices  decreased during exposure t o  v ib ra t ion .  From the  
point  of view of  p ro tec t ion  of t he  body, t h i s  may a l s o  be considered a forced 
compensatory-adaptative e f f e c t ,  occurring a t  a low l e v e l ,  and while not  s t ab le ,  
nevertheless  t o  some degree p ro tec t s  the  b ra in  from exceedingly rap id  exhaus- 
t i o n  of the nerve c e l l s  from systematic overexc i ta t ion .  

Conclusions 

1. Systematic mult iple  app l i ca t ion  of a v ib ra t ion  stimulus (frequency 70 
cps, amplitude 0.4 mm, exposure t i m e  15 min) causes phase changes i n  d i f f e r e n t  
ind ices  of the  func t iona l  s t a t e  of the  CNS i n  ra t s  (oxygen consumption by /124 
cerebra l  t i s s u e s ,  very slow p o t e n t i a l  f l uc tua t ions ,  hourly osc i l l a t ions ,  
b u r s t l i k e  a c t i v i t y ,  genera l  e l e c t r i c a l  a c t i v i t y  of t he  brain,  conditioned re- 
f l e x  a c t i v i t y  of  t h e  animals).  

2. The f i r s t  period of changes as a r e s u l t  of t he  e f f e c t  of v ib ra t ion  
(1s t -4 th  exposures) i s  character ized by the  development i n  the  higher  p a r t s  of 
t h e  b ra in  of a pos ts t imula t ion  s t a t e  of general ized i n h i b i t i o n  (decreased 
oxygen consumption by the  b ra in  t i s sues ,  corresponding changes i n  the  EEG, in -  
t e n s i f i c a t i o n  of very slow p o t e n t i a l , f l u c t u a t i o n s ,  t o t a l  e x t i n c t i o n  of condi- 
t ioned  r e f l e x e s ) .  

3. The second period (af ter  the  4th v ib ra t ion )  i s  r e l a t e d  t o  t h e  develop- 
ment of compensatory-adaptative processes and r e l a t ive  func t iona l  normalization 
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(decrease of changes i n  oxygen consumption by ce reb ra l  t i s sues ,  decreased bu r s t -  
l i k e  a c t i v i t y  i n  t h e  EEG, appearance of n a t u r a l  and then a r t i f i c i a l  conditioned 
r e f l e x e s ) .  

4. The t h i r d  per iod  ( a f t e r  t h e  20th-25th v ib ra t ions )  i s  charac te r ized  by 
a genera l  decrease i n  t h e  func t iona l  a c t i v i t y  of higher p a r t s  of t h e  b r a i n  
(decreased background consumption of oxygen, depression of background e l e c t r i c a l  
a c t i v i t y  during and a f t e r  v ibra t ion ,  and a decreased l e v e l  of conditioned r e f l e x  
a c t i v i t y  f o r  a long per iod  a f t e r  exposure to t h e  last v i b r a t i o n ) .  



RESPIRATORY CHANGE DURING VIBRATION 

Ye.  P. Kazanskaya and L.  D. Luk'yanova 

ABSTRACT 

Rats w e r e  exposed t o  whole-body v e r t i c a l  v ib ra t ion  ( f r eq -  
quency 70 cps, amplitude 0 .4  mm, exposure t i m e  15 min). 
t e r n a l  r e s p i r a t i o n  during v ib ra t ion  w a s  inves t iga ted .  

It w a s  found t h a t  i n  the  f i rs t  h a l f  of t he  v ib ra t ion  
time the re  was increase  i n  r e s p i r a t i o n  frequency. N o  gen- 
e r a l  tendency i n  responsive r eac t ion  could be detected i n  
the second ha l f  of t h e  v ib ra t ion  period o r  i n  the  post-  
v ibra t ion  per iod.  It i s  concluded t h a t  t he  changes i n  oxy- 
gen metabolism induced by v ib ra t ion  a r e  not  r e l a t e d  t o  
r e s p i r a t o r y  changes. 

Ex- 

It is  i n s u f f i c i e n t  t o  s tudy any one function.when inves t iga t ing  the  /l25 
inf luence of v ib ra t ion  on the human o r  animal body. 

Since changes i n  oxygen metabolism may be r e l a t e d  t o  d i s rup t ion  i n  i t s  
supply t o  t h e  b r a i n  t i s s u e s ,  caused by corresponding changes i n  both t h e  cardio-  
vascular  and r e sp i r a to ry  systems, the purpose of t h i s  s tudy w a s  t o  expla in  the  
changes i n  ex te rna l  r e s p i r a t i o n  i n  response t o  a v ib ra t ion  stimulus.  

The re ferences  i n  the  l i t e r a t u r e  t o  t h i s  problem (Chi; Chung-hsiang, 1957; 
Lebedeva and ChG Chung-hsiang, 1958) p e r t a i n  t o  the  e f f e c t  of low-frequency 
v ibra t ions  (3-25 cps).  I n  these  s tud ie s  the  authors  mention acce le ra t ion  of 
r e sp i r a t ion  and increase  of i t s  i n t e n s i t y  i n  the  f irst  5-8 min of v ibra t ion .  
After e i g h t  minutes the  charac te r  of the  r eac t ion  changed i n  the  d i r e c t i o n  of 
slowing of  r e sp i r a t ion .  The same p i c t u r e  w a s  observed a f t e r  v ibra t ion .  

It was of i n t e r e s t  t o  compare the  changes occurring i n  the  h igher  p a r t s  
of the  CNS, during a 15 min period of v ib ra t ion  wi th  a frequency of o s c i l l a -  
t i ons  of 70 cps and an amplitude of 0.4 mm, wi th  the  changes of r e s p i r a t i o n  
observed during a period of v ib ra t ion  of these  same parameters. 

The work was done wi th  male r a t s  of t he  Wistar l i n e  weighing 200-250 g .  
Respirat ion w a s  recorded wi th  a spec ia l  sensor  a t tached t o  the  chest  of the  
r a t  and wi th  a EKPSCh-3 electrocardiograph.  
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Vibrat ion 

Figure 1. Change i n  t h e  wave of  respira- 
t o r y  movements during exposure t o  
v ibra t ion .  
Along x-axis  -- t i m e  from onse t  of expo- 
sure  t o  v ib ra t ion ,  i n  min. Along y-axis -- 
frequency of r e s p i r a t o r y  movements, ex- 
pressed i n  percent  of mean i n i t i a l  l e v e l .  

Figure 1 shows i n  d e t a i l  t he  changes i n  r e s p i r a t i o n  during the  t i m e  of 
v ib ra t ion  f o r  r a t  N o .  6. The f i g u r e  shows t h a t  r e s p i r a t i o n  w a s  character ized 
by extreme i r r e g u l a r i t y .  I ts  frequency increased sharp ly  a t  the  first moment 
of v ibra t ion ,  and t o  the  very end it was character ized by an a l t e r n a t i o n  of 
l a r g e  and sharp rises wi th  s i m i l a r  f l uc tua t ions  t o  and below normal. 

Figures 2 and 3 show a more genera l  p i c tu re  of r e s p i r a t i o n  during t h e  /126 
time of v ib ra t ion  and during the  pos tv ibra t ion  period. W e  see t h a t  i n  t h e  
f i r s t  period of v ib ra t ion  t h e r e  w a s  a general  tendency t o  an  increase  i n  res- 
p i r a t o r y  frequency. I n  the  second ha l f  of t he  v ib ra t ion  period and i n  the  
pos tv ibra t ion  period the  r eac t ion  w a s  manifested d i f f e r e n t l y  i n  d i f f e r e n t  r a t s .  

The change of r e s p i r a t i o n  i n  ra t  No. 1 i s  shown i n  f i g u r e  2. The i l l u s -  
t r a t i o n  shows t h a t  i n  t h e  second period of exposure t o  v ib ra t ion  the re  w a s  a 
decrease i n  r e s p i r a t i o n  frequency, and i n  t h e  f i r s t  10  minutes a f t e r  v ib ra t ion  
the re  was an almost complete normalization of r e s p i r a t i o n .  During t h e  subse- 
quent period of observation a f t e r  v ib ra t ion  the  r e s p i r a t i o n  had a f l u c t u a t i n g  
charac te r  and had two maxima of exc i t a t ion .  

Figure 3 shows the change of r e s p i r a t i o n  i n  r a t  No.  3. Here we observe a 
d i f f e r e n t  p i c t u r e  than  i n  f i g u r e  2. 
exposure t o  v ib ra t ion  t h e  r e s p i r a t i o n  frequency decreased, bu t  a t  t h e  very end 
it increased sharp ly  and w a s  maintained a t  t h i s  high l e v e l  for 15 min a f t e r  
v ibra t ion .  
g u l a r i t y ,  and t h e  curve r e f l e c t i n g  i t s  frequency var ied about a mean l e v e l  wi th  
g r e a t e r  or l e s s e r  va r i a t ions .  

A t  the beginning of  t h e  second per iod of 

Beginning wi th  15 min, t he  r e s p i r a t i o n  w a s  charac te r ized  by irre- 



Figure 2. 
r a t o r y  movements during and a f t e r  exposure 
t o  v ib ra t ion .  Notations same as i n  f i g .  1. 

Changes i n  t h e  wave of  r e s p i -  

V i  b r a t  ion After v ibra t ion  

Figure 3 .  Changes i n  t h e  wave of r e s p i -  
r a t o r y  movements during and a f t e r  exposure 
t o  v ib ra t ion  ( r a t .  No. 3).  
Notations same as i n  f i g .  1. 

It therefore  may be concluded t h a t  i n  the f i rs t  ha l f  of the period /l27 
of exposure t o  v ib ra t ion  there  was an i n c r e a s e i n  r e s p i r a t i o n  wave i n  
a l l  cases .  I n  the  second ha l f  of v ibra t ion  and i n  the  pos tv ibra t ion  period it 
was not  possible  t o  d e t e c t  a genera l  tendency i n  t h e  response. 

I n  e a r l i e r  s tud ie s  by one of thk authors  (Luklyanova, 1964) it was demon- 
s t r a t e d  t h a t  oxygen metabolism under the  inf luence of v ib ra t ion  changes sharply 
and has a two-phase charac te r .  During v ib ra t ion  the  oxygen consumption in -  
creases  and has a wavelike charac te r  a f t e r  v ibra t ion .  Therefore, it was 
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i n t e r e s t i n g  t o  determine whether t he re  i s  a r e l a t i o n s h i p  between changes i n  
oxygen metabolism and changes in  ex te rna l  r e s p i r a t i o n  during exposure t o  
v ibra t ion .  

In  comparing the  r e s u l t s  of t h i s  s tudy with da ta  obtained i n  an inves t i -  
ga t ion  of oxygen metabolism it can be noted t h a t  i n  t h e  first period of 
v ibra t ion  there  i s  a pa ra l l e l i sm between changes occurring i n  oxygen metabol- 
i s m  and changes i n  the  r e s p i r a t o r y  system, t h a t  is ,  the  animal experiences a 
phase of increased s t imulat ion.  However, such a para l le l i sm i s  not  observed 
subsequently. This i nd ica t e s  t h a t  changes i n  oxygen metabolism occurring 
under the  inf luence of v ib ra t ion  a re  unrelated t o  changes i n  r e sp i r a t ion .  
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EFFECT O F  ACUTE X-IRRADIATION ONVENOUS CIRCUIATION 
I N  THE CEBEBRAL VESSELS O F  A RABBIT 

V. Ya. Klimovitskiy 

ABSTRACT 

Cerebral  venous blood flow was measured using thermis- 

I n  one group of animals t h e  back and 
t o r s  f o r  s tudy of t h e  cerebra l  sur face  veins of r a b b i t s  ex- 
posed t o  X- i r rad ia t ion .  
abdomen were i r r a d i a t e d  by a dose of 2000 r. Other animals 
were exposed t o  t o t a l  i r r a d i a t i o n  i n  a dose of 1000 r.  

I n  both cases a decrease i n  t h e  l e v e l  of  cerebra l  
blood flow was observed i n  the  i r r a d i a t e d  r a b b i t s  compared t o  
cont ro l  during t h e  f i r s t  hours a f t e r  i r r a d i a t i o n .  Locally i r-  
r ad ia t ed  animals were observed f o r  6-8 hours. 
i r r a d i a t e d  r a b b i t s  survived a f t e r  exposure and were observed 
u n t i l  t h e i r  death from rad ia t ion  s ickness .  I n  these  animals 
a second decrease of cerebra l  blood flow was observed 1-2 days 
p r i o r  t o  death. 

t h e  l i t e r a t u r e  concerning t h e  e f f e c t  of i r r a d i a t i o n  on general  
and cerebra l  hemodynamics. 

Whole-body 

The da ta  obtained a re  discussed i n  r e l a t i o n  t o  da t a  i n  

The purpose of t h i s  study was t o  inves t iga t e  t h e  r a t e  of c i r c u l a t i o n  /l29 
i n  t h e  cerebra l  veins of r a b b i t s  exposed t o  l o c a l  or  whole-bo@ X-irradiat ion.  
Obtaining de ta i l ed  da ta  on t h e  s t a t e  of ce reb ra l  hemodynamics i n  i r r a d i a t e d  animals 
i s  necessary f o r  c l a r i f i c a t i o n  of t h e  r o l e  of vascular  d i s rupt ion  i n  t h e  reac t ions  
of t he  CNS t o  rad ia t ion .  

The i r r a d i a t i o n  doses used a re  encountered i n  medical p r a c t i c e  only i n  emer- 
gency s i tua t ions .  However, i n  experiments on animals t h e  mechanism of t h e  e f f e c t  
of acute i r r a d i a t i o n  i n  l e t h a l  doses continues t o  be t h e  object  of inves t iga t ion  
and t h i s  appl ies  i n  p a r t i c u l a r  t o  t h e  e f f e c t  of ionizing r a d i a t i o n  on t h e  CNS, 
whose blood supply i n  r a d i a t i o n  reac t ions  has y e t  been poorly inves t iga ted .  

The experiment da t a  serving as a bas i s  f o r  t h i s  study were obtained i n  1958. 
The recent ly  published inves t iga t ions  of a number of authors i n  t h e  f i e l d  of t h e  
e f f ec t  of ionizing r a d i a t i o n  ongeneral and ce reb ra l  hemodynamics broaden t h e  
p o s s i b i l i t i e s  of i n t e r p r e t a t i o n  and genera l iza t ion  of OUT da ta .  
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I n  our experiments w e  recorded t h e  volume rate of  blood flow i n  the  l a r g e  
surface veins of the b r a i n  of a r a b b i t  us ing pulse-type hea t  exchange sensors  
(Klimovitskiy, 1964a,b). R .  M. Lyubimova-Gerasimova (1962) used a method 
s imi l a r  t o  ours;  she employed M. Y e .  Marshak thermoelectrodes which are used 
f o r  t he  most p a r t  f o r  recording r e l a t i v e l y  b r i e f  reflex changes i n  blood flow; 
appearing i n  response t o  a p a r t i c u l a r  s p e c i f i c  e f f e c t .  Our sensors  w e r e  i n -  
tended f o r  evaluat ing the  l e v e l  of blood flow i n  values comparable f o r  t he  en- 
t i r e  period of the experiment on a p a r t i c u l a r  animal and read from a uniform . 
i n i t i a l  l e v e l .  A t  the  same t i m e ,  they  are not  s u i t a b l e  f o r  recording processes 
with a t i m e  constant  less than 10  sec.  

The experiment was ca r r i ed  out  wi th  45 male r a b b i t s  weighing 3.5-4 / l 3 O  
kg, of which 11 w e r e  i r r a d i a t e d  l o c a l l y  (pa r t  of t he  back and stomach from 
the processus spinosus t o  t h e  pe lv i c  region)  i n  the  acute  exposure experiment. 
The i r r a d i a t i o n  dose was 2000 r .  Eleven animals served as a con t ro l  f o r  t h i s  
group. The blood flow sensors  w e r e  a t tached t o  23 r a b b i t s  f o r  5-7 days before 
i r r a d i a t i o n ,  and blood flow a t  rest  w a s  recorded f o r  these  animals f o r  3-5 days 
before r ad ia t ion  exposure. Two of them w e r e  then exposed t o  i r r a d i a t i o n  under 
the  same condi t ions as  t he  animals of t he  preceding experimental  group. A n -  
o ther  1 2  r a b b i t s  received a whole-body dose of 1000 r, and t h e  remaining 9 served 
as a cont ro l  f o r  t h e  l a t t e r  group. 

I r r a d i a t i o n  condi t ions.  

A. 1000 r, 180 kV, 15 mA, f i l t e r  Cu 0.5, dose i n t e n s i t y  9.25 r/min, 
skin-focal  length  70 em. 

B. 2000 r ,  165 kV, 1-5 mA, f i l t e r  Cu 0.5, dose i n t e n s i t y  28 r/min, 
skin-focal  length  40 cm. 

During l o c a l  i r r a d i a t i o n  t h e  f o r e  p a r t  of t he  animal w a s  covered wi th  
gauze and a lead sh ie ld  6 mm th ick ;  da t a  published by Yu .  G. Nefedov (1960) in-  
d i ca t e  t h a t  t h i s  ensures  an e n t i r e l y  adequate p ro tec t ion  of the  shielded p a r t s  
aga ins t  b io log ica l ly  e f f e c t i v e  r ad ia t ion .  

I n  the  acute exposure t h e  r a b b i t s ,  t i e d  t o  a bench wi th  the  back f ac ing  
upward, were operated on under l o c a l  anes thes ia .  Placement of t h e  sensor  i n t o  
t h e  s i n c i p i $ a l  region took about two hours.  The animal w a s  then  placed under 
the  tube of a RUM-3 apparatus ,  and the  i n i t i a l  blood flow l e v e l  w a s  recorded 
f o r  a sho r t  time (15-40 min). 
recording of blood flow continued. Upon conplet ion of exposure, the  animals 
remained under observat ion f o r  six hours, a f t e r  which they  w e r e  s a c r i f i c e d .  
The r a b b i t s  were in s ide  a box f o r  the  t o t a l  i r r a d i a t i o n .  

Then the  animal w a s  i r r a d i a t e d ,  during which the  

Results 

I n  t h e  cont ro l  group, a f te r  placement of t h e  sensor  t h e r e  w a s  a gradual  
decrease i n  t h e  l e v e l  of venous blood flow i n  most of t h e  animals, a t t a i n i n g  
a maximum i n  the second-third hour a f t e r  t h e  opera t ion .  This  phenomenon 
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I r r a d i a t i o n  i r r a d i a t i o n  

Figure 1. Blood flow i n  ce reb ra l  veins of 
r a b b i t s  i n  percent  of i n i t i a l  l e v e l .  
1, Control,  2, experiment. I r r a d i a t i o n  of 
p a r t  of back and abdomen i n  acute  exper i -  
ment wi th  2000 r. Tr ip l ed  e r r o r s  repre-  
sented by v e r t i c a l  l i n e s .  

apparent ly  i s  r e l a t e d  t o  opera t iona l  trauma. W e  f e e l  t h a t  t he re  probably w a s  
an increase in i n t r a c r a n i a l  pressure,  developing immediately a f t e r  placement of 
t h e  sensor .  I n  many animals a t  t he  end of t he  operat ion the  p a r t  of t h e  b r a i n  
under the  t repan  opening w a s  somewhat hyperemic and sometimes rose  over t he  
edges of the t repan  opening. Under these  condi t ions it i s  not  impossible t h a t  
there  was a mechanical ch i se l ing  o f f  of t he  sur face  veins ,  s p e c i f i c a l l y  i n  the  
region of t h e  sensor,  s ince  i t s  surface turned toward t h e  b r a i n  i s  f l a t  and 
not  arched l i k e  the  removed p a r t  of the  bone. 
blood flow i n  the  con t ro l  animals re turned t o  t h e  i n i t i a l  l e v e l  and some- 
times rose above normal by the  f i f t h - s i x t h  hour. 

After three- four  hours t h e  /l3l 

The blood flow-time curve f o r  the i r r a d i a t e d  r a b b i t s  on the  average l i e s  
lower than f o r  the  con t ro l  ( f i g .  l), but  t he  s c a t t e r  of mean h o u r l y ' d a t a  f o r  
t he  ind iv idua l  animals i s  g r e a t ,  and the d i f fe rence  between t h e  e q e r i m e n t a l  and 
cont ro l  f o r  the f i r s t  two hours w a s  s t a t i s t i c a l l y  un re l i ab le .  I n  t h e  t h i r d  
hour i n  the  cont ro l  the  blood flow began t o  be r ees t ab l i shed ,  whereas i n  the  
experimental group the  blood flow l e v e l  on the  average continued t o  decrease 
and reached a minimum value about t he  f o u r t h  hour a f t e r  i r r a d i a t i o n .  I n  the  
t h i r d ,  fou r th  and f i f t h  hours t h e  blood flow i n  t h e  i r r a d i a t e d  r a b b i t s  w a s  
r e l i a b l y  lower than i n  t h e  cont ro l  group. By the  s i x t h  hour the  blood flow i n  
t h e  experimental group and i n  the  con t ro l  increased,  and t h e  d i f fe rence  between 
the  experimental and con t ro l  groups became unre l i ab le .  On the  whole, t h e  en- 
tire experimental group, t o  judge from the median and Wilcoxon's test, d i f f e r e d  
r e l i a b l y  from t h e  con t ro l  a t  t h e  0.05 l e v e l .  

I n  the  chronic experiment t h e  blood flow f o r  two r a b b i t s ,  i r r a d i a t e d  under 
these same condi t ions ( p a r t  of the  back and abdomen, 2000 r ) ,  w a s  recorded. 
two-four hours d a i l y  f o r  fou r  days p r i o r  t o  r a d i a t i o n  exposure. Immediately 
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a f t e r  i r r a d i a t i o n ?  the  mean l e v e l  of cerebra l  blood flow began t o  decrease i n  
both r abb i t s ,  i n  one animal a t t a i n i n g  a minimum a f t e r  1 hour and i n  the  o the r  2 
hours a f t e r  end of exposure. I n  seven hours of observat ion t h e r e  was no re- 
tu rn  t o  the  i n i t i a l  l e v e l .  The second r a b b i t  died on the  f i rs t  day a f t e r  i r r a -  
d i a t i o n  with a normal blood flow l e v e l  (zxcept f o r  a terminal  dropoff ) .  The 
f i rs t  r a b b i t  survived f o r  10 days a f t e r  i r r a d i a t i o n  and w a s  s a c r i f i c e d .  O n  t h e  
second day the  blood flow i n  t h i s  r a b b i t  a t t a ined  a normal l e v e l .  Beginning 
with the  s i x t h  day the re  w a s  a new decrease of t he  blood flow l e v e l ,  a t t a i n i n g  
a m a x i m u m  on the  seventh-eighth day ( r e l i a b l e  d i f fe rence  from the  con t ro l ) .  
On the  n in th  day the  blood flow aga in  began t o  be res tored  and by the  t e n t h  day 
reached normal. 

Thus, i n  t he  two r a b b i t s  l o c a l l y  i r r a d i a t e d  i n  t h e  chronic experiment, 
cerebra l  venous blood flow decreased immediately a f t e r  i r r a d i a t i o n .  This 1132 
decrease did not  reach the  l e v e l  of a r e l i a b l e  d i f fe rence  from the  cont ro l .  
A t  l a t e r  t imes i n  the surviving animal there  was a second, more s i g n i f i c a n t  de- 
crease of blood f l o w .  This t i m e ,  according t o  t h e  blood indices ,  coincided 
with the  height  of r a d i a t i o n  s ickness .  

Twelve preoperated r a b b i t s  were t o t a l l y  i r r a d i a t e d  wi th  1000 r .  The blood 
flow i n  these animals was f irst  recorded f o r  14 days p r i o r  t o  i r r a d i a t i o n .  
Nine animals served a s  cont ro l .  After i r r a d i a t i o n  there  w a s  d i s rup t ion  of r e s p i -  
r a t i o n  (increased frequency, shor tness  of brea th)  i n  a l l  animals. Seven of the 
1 2  i r r ad ia t ed  animals died on the  day of i r r a d i a t i o n ,  surviving from a h a l f -  
hour t o  seven hours a f t e r  the  end of exposure. Death was caused by severe 
r e sp i r a to ry  malfunctions and convulsions. Sometimes the  convulsive a t t a c k  and 
death of the  i r r a d i a t e d  animals occurred during removal of blood (two cases ) .  
Three animals died on the  day following i r r a d i a t i o n ?  wi th  these same terminal  
phenomena. One r a b b i t  survived f o r  f i v e  days and died; one survived seven days 
and w a s  s a c r i f i c e d  ( the  blood flow sensor malfunctioned).  This high degree of 
mor ta l i ty  of t h e  i r r a d i a t e d  animals i n  our  experiments and the  shock charac te r  
of the  pos t r ad ia t ion  r eac t ion  could not  be explained, and t o  a considerable 
degree made it d i f f i c u l t  t o  compare our da t a  wi th  those given i n  the  
l i t e r a t u r e .  

The mean hourly l e v e l  of blood flow i n  the  cont ro l  var ied from hour t o  hour 
i n  the  range ~ t 5  percent  of t he  mean l e v e l  of rest;  the  va r i a t ions  had a random 
character .  I n  some i r r a d i a t e d  animals t h e  mean l e v e l  of blood flow began t o  
decrease even during the  t i m e  of i r r a d i a t i o n .  However, t h i s  d id  not  occur i n  
a l l  animals. I n  a number of cases the  blood flow immediately a f t e r  i r r a d i a t i o n  
was somewhat above normal. /I33 
hour a f t e r  end of exposure),  the  mean blood flow l e v e l  decreased and a t -  
ta ined  a minimum i n  the  s i x t h  hour ( f i g .  2 ) .  The blood flow i n  the  experimen- 
t a l  group d i f f e red  from t h e  con t ro l  i n  being s t a t i s t i c a l l y  r e l i a b l e  only i n  the  
f i f t h  and s i x t h  hour a f t e r  i r r a d i a t i o n .  By the  seventh hour the re  was a ten-  
dency t o  r e s t o r a t i o n  ( the  d i f f e rence  between the  experiment and con t ro l  became 
unre l i ab le  ) . 

I n  t h e  per iod which followed (from the  second 

I n  th ree  animals which died i n  the  f i rs t  hours a f t e r  i r r a d i a t i o n  the  blood 
flow increased somewhat, i n  two animals t o  t h e  upper l i m i t  of normal. I n  the  
animals which died l a t e r  the  blood flow a f t e r  24 hours of i r r a d i a t i o n  remained 
a t  t he  lower l i m i t s  of normal (disregarding t h e  terminal decrease) .  



Figure 2. Blood flow i n  cerebra l  veins of 
r a b b i t s  i n  percent  of i n i t i a l  l e v e l .  
1, Control; 2, expermintal. Acute whole-body 
i r r a d i a t i o n  i n  chronic experiment wi th  
1000 r .  Tr ip l ed  e r r o r s  represented  by 
v e r t i c a l  l i n e s .  

I n  the  two r a b b i t s  surviving f o r  f ive-seven hours, the  blood flow on the  
following days remained a t  a l e v e l  below the  con t ro l .  On the  second day the 
blood flow did not  d i f f e r  from normal; on the  f i f t h  day there  w a s  a second, 
more profound decrease.  These mean d iu rna l  devia t ions  i n  t h e  da t a  f o r  the  
two r abb i t s  are s t a t i s t i c a l l y  un re l i ab le .  For the  e n t i r e  group a s  a whole the  
d i f fe rence  between the  experimental and con t ro l  groups t o  judge from t he  
median w a s  worse than  0.05; however, t h e  fou r th - s ix th  hours of  t he  f i r s t  day 
a re  r e l i a b l y  d i f f e r e n t .  

Discussion of Resul ts  

Acute i r r a d i a t i o n  of p a r t  of the  back and abdomen of r a b b i t s  by 2000 r 
i n  the  f i r s t  hours a f t e r  i r r a d i a t i o n  l e a d s  t o  decrease i n  t o t a l  a r t e r i a l  pres-  
sure .  Our da t a  i n  t h i s  respec t  are comparable t o  those obtained by Yu. G. 
Nefedov (1955). The l a t t e r  demonstrated t h a t ,  w i th  i r r a d i a t i o n  of p a r t  of the 
back and abdomen of r a b b i t s  with 2000 r, the  maximum drop of a r t e r i a l  p ressure  
occurs i n  the  f i rs t  hours a f t e r  i r r a d i a t i o n ;  then  r e s t o r a t i o n  occurs i n  the  
surviving animals. I n  i t s e l f  a decrease i n  t o t a l  blood pressure  i n  animals 
does not lead t o  a propor t iona l  decrease i n  ce reb ra l  blood flow (Carlyle ,  
Grayson, 1957). Recently some inves t iga to r s  a r e  inc l ined  t o  ascr ibe  a g r e a t  
autonomy t o  cerebra l  c i r c u l a t i o n  (Mchedlishvili ,  1962). 
t h a t  the system of  i n t r a c r a n i a l  c i r c u l a t i o n  i s  se l f - r egu la t ing ,  t h a t  is, t h e  
blood supply l e v e l  i s  e s t ab l i shed  i n  accordance wi th  the l o c a l  gas balance and 
t h e  func t iona l  s t a t e  of a p a r t i c u l a r  p a r t  of the  b r a i n  t i s s u e  (Sokoloff, 1959). 
However, during r ecen t  years  the  r o l e  of ex t r ace reb ra l  reflexes i n  r egu la t ion  
of blood c i r c u l a t i o n  i n  the  b ra in  has been e s t ab l i shed  wi th  g r e a t e r  c e r t a i n t y  
than i n  o lde r  i nves t iga t ions  (see Blinova and Ryzhova, 1957). 

It w a s  es tab l i shed  

It has been 
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Figure 3. Reaction of cerebra l  venous 
blood flow t o  increase of carbon dioxide 
i n  inhaled a i r .  
A, P r i o r  t o  i r r a d i a t i o n  wi th  1000 r, 
t i m e  of adminis t ra t ion  of carbon dioxide 
gas i n  course of 10 and 20 see; B, a f t e r  
i r r a d i a t i o n ,  t i m e  of adminis t ra t ion  of 
carbon dioxide,  20 see  ( twice) .  

demonstrated t h a t  a s  a r e s u l t  of t h e  e f f e c t  of i r r a d i a t i o n  t h e  r eac t ions  of the 
b ra in  vesse ls ,  which can cause s t imula t ion  of the ex t r ace reb ra l  ref lexogenic  
zones, change (Lyubimova-Gerasimova, 1962), and the  genera l  vasomotor re- /134 
ac t ions  a re  equal ly  modified (Lebedinskiy, 1956). I n  our  experiments w e  
used an admixture of 5-7 percent  C 0 2  t o  t he  a i r  breathed by the animals as a 

standard t e s t  of t he  s t a t e  of t he  ce reb ra l  vasomotor r eac t ions .  W e  observed 
t h a t  a f t e r  whole-body X- i r r ad ia t ion  (100 r) t h e  r eac t ion  of ce reb ra l  blood 
flow t o  the in t roduct ion  of carbon dioxide becomes weaker ( f i g .  3). 

I n  the  l i g h t  of t hese  da t a  the  decrease i n  the  l e v e l  of ce reb ra l  venous 
blood flow a f t e r  i r r a d i a t i o n  appears not  t o  be the  r e s u l t  of a decrease of 
t o t a l  blood pressure,  bu t  t he  r e s u l t  of impairment of  ce reb ra l  vasomotor reac- 
t i ons ,  caused by e x t r a c r a n i a l  ref lexogenic  and l o c a l  zones. Probably i n  rela- 
t i o n  t o  the  impairment of t hese  reflex mechanisms, t h e  ce reb ra l  hemodynamics 
have a g r e a t e r  dependence on the  l e v e l  o f  t o t a l  p ressure  than  occurs under 
normal conditions.  From t h i s  po in t  of view w e  f ee l  it probable t h a t  t h e  s m a l l  
increase  i n  t h e  mean l e v e l  of ce reb ra l  blood flow d i r e c t l y  a f t e r  i r r a d i a -  
t i o n  i n  t h e  group of  whole-body irradiated animals i s  not random. I n  t h e  
f irst  1 0  min a f t e r  i r r a d i a t i o n  some inves t iga to r s  note a s m a l l  increase  of 
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a r t e r i a l  pressure and a s ta te  of increased i r r i t a b i l i t y  i n  t h e  i r r a d i a t e d  an i -  
mals (Nefedov, 1960).  However, such an e f f e c t  w a s  no t  observed by Yu. G .  
Grigor'yev (1957). 

Tota l  i r r a d i a t i o n  had severer  e f f e c t s ,  according t o  the  inves t iga ted  
index, although according to our data t h e  maximum d e t e r i o r a t i o n  of blood supply t o  
the bra in  duringwhole-body i r r a d i a t i o n  sets i n  l a t e r  t han  i n  t h e  case of l o c a l  
i r r a d i a t i o n .  I n  the  case of l o c a l  exposure i n  the  acute  experiment the 
tendency t o  r e s t o r a t i o n  a t  the  end o f  t he  period of  observat ions i s  expressed 
more c l ea r ly .  Rel iab le  d iscr imina t ion  of two types of r eac t ions ,  consider ing 
t h e  ex i s t ing  v a r i a b i l i t y ,  would r equ i r e  a considerably g r e a t e r  number of an i -  
mals i n  each group. Poss ib le  d i f fe rences  of t he  mechanisms i n  the  two con- 
sidered cases  could involve the presence o r  absence of d i r e c t  r a d i a t i o n  damage 
of the vasomotor center ,  the  upper sympathetic gangl ia  and ref lexogenic  zones 
of  the  arch of t h e  ao r t a  and ca ro t id  s inuses .  However, t he  dose used i s  
scarce ly  s u f f i c i e n t l y  e f f e c t i v e ,  according t o  the  se lec ted  index. For de- 
t ec t ing  i t s  inf luence on these  systems f o r  a given number of  animals it would 
be convenient t o  use o ther ,  more spec ia l ized  tes ts  and not  such an i n t e g r a l  
c r i t e r i o n  a s  the  r a t e  of  blood flow. I n  our case the re  i s  a f a r  more obvious 
s i m i l a r i t y  between the observed changes i n  blood flow during l o c a l  andwhole-body 
i r r a d i a t i o n .  This s i m i l a r i t y  poss ib ly  i s  r e l a t e d  t o  r a d i a t i o n  damage i n  the  
i n t e r n a l  organs of s p e c i f i c  ref lexogenic  zones of vasomotor reac t ions  
(Lebedinskiy, 1956; L ivsh i t s ,  1961; Komarov, 1957; Zaretskaya, 1956; Blinova 
and Ryzhova, 1957). 

I n  experiments withwhole-body i r r a d i a t i o n  of r a b b i t s  i n  a dose of 1000 r, 
R.  M. Lyubimova-Gerasimova (1960) observed a slowing down of cerebra l  blood 
flow i n  the  f i rs t  hour a f te r  exposure. Normalization se t  i n  during the hours 
which followed. These phenomena, according t o  the  au tho r ' s  observations,  a r e  
r e l a t ed  t o  changes invascu la r  tonus i n  the  b r a i n  and t h e  number of funct ioning 
c a p i l l a r i e s .  The f irst  phase of t he  r eac t ion  i n  the  Lyubimova-Gerasimova 
experiments coincides wi th  a decrease i n  i n t r a c r a n i a l  pressure,  and the  second 
phase coincides wi th  an increase .  The recording of t h e  blood flow r a t e  i n  
these experiments w a s  based on t h e  time required f o r  f i l l i n g  the  vesse ls  with 
tho ro t r a s t .  I n  our experiments w e  obtained no normalization i n  these  per iods.  
We note the  f a c t  t h a t  f o r  reasons not  y e t  e s t ab l i shed  the  s e v e r i t y  of the  
r ad ia t ion  damage according t o  ex te rna l  c r i t e r i a  and according t o  the  mor t a l i t y  
of the animals w a s  considerably g r e a t e r  i n  our experiments. 

Thus, according t o  our da ta ,  t he  blood flow l e v e l  i n  ce reb ra l  veins a f t e r  
acute l o c a l  and chronic i r r a d i a t i o n  decreased i n  the  f i rs t  hours a f t e r  expo- 
sure .  The maximum of decrease occurs a t  t h e  f o u r t h  and s i x t h  hour a f t e r  
exposure f o r  l o c a l  and whole-body i r r a d i a t i o n ,  respec t ive ly .  
t h a t  t h i s  decrease i n  t h e  l e v e l  of blood flow r e f l e c t s  d i s rup t ion  of vasomotor 
reac t ions  as a r e s u l t  of r ad ia t ion  damage t o  l i n k s  of r e f l e x  mechanisms s t i l l  
unknown t o  us. I n  t h i s  case the  impairments of t he  func t ions  of t he  CNS de- 
scribed i n  the  l i t e r a t u r e  should be regarded as secondary. However, t h i s  i s  
not the only possible  i n t e r p r e t a t i o n .  The opposi te  can be assumed with equal  
va l id i ty :  the  e f f e c t  of ion iz ing  r a d i a t i o n  d i r e c t l y  depresses  the a c t i v i t y  of 
the CNS, causing a s ta te  of i n h i b i t i o n  i n  the  f i rs t  hours a f te r  exposure t o  
r ad ia t ion  (Livshi t s ,  1961). 
reduced considerably i n  the  f i rs t  two-three hours a f te r  exposure (Snezhko, 1960; 

1136 
It may be surmised 

I n  t h i s  case the  ce reb ra l  oxygen consumption i s  
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Luk'yanova, 1964). 
regarded a s  secondary, as the  r e s u l t  of t he  depressed func t iona l  s t a t e  of the  
CNS. This po in t  of view appears qu i t e  j u s t i f i e d ,  because the  app l i ca t ion  of an 
oxygen load during polarographic measurement of oxygen a t  t h i s  t i m e  does not  
make it poss ib le  t o  d e t e c t  an i n t e n s i f i e d  oxygen consumption by the  ce reb ra l  
t i s s u e s .  This means t h a t  desp i t e  the  low l e v e l  of blood supply no oxygen 
d e f i c i t  i s  created i n  t h e  ce reb ra l  t i s s u e s .  

From t h i s  po in t  of v i e w  the  changes i n  blood supply can be 

Thus, under these  experimental  condi t ions we cannot draw c e r t a i n  conclu- 
s ions  concerning the  primary o r  secondary charac te r  of  the  hemodynamic changes 
i n  the  CNS. The l a t t e r  f a c t s ,  taken toge ther ,  support  the idea  t h a t  t he  ob- 
served changes i n  ce reb ra l  blood flow should not  be regarded exc lus ive ly  as a 
r e s u l t  of vasomotor d i s rup t ions .  It i s  no t  impossible that  these  changes, a t  
l e a s t  p a r t i a l l y ,  can be considered a s  a secondary decrease i n  the  l e v e l  of 
ce reb ra l  blood c i r c u l a t i o n  i n  accordance wi th  i t s  cur ren t  requirements. 



CWACTERISTICS OF EXFECT OF DlFFERENT TYPES OF RADIATION 
ON THE HIGHEB NERVOUS ACTIVITY OF SIQXGL ANDMLS 

A. P .  Korolevskiy 

ABSTRACT 

The comparative e f f e c t  of f a s t  neutrons,51C)MeV protons 

(Bl) s t r a i n  w a s  i n v e s t i -  
and gamma i r r a d i a t i o n  i n  a dose of 300 rad on the  higher 
nervous a c t i v i t y  of mice of t he  SS 

gated, using the  motor dr inking conditioned r e f l e x  method. 

bance of both nervous processes: e x c i t a t i o n  and inh ib i t i on .  
Neutron and gamma rad ia t ions  l e d  t o  more severe d i s rup t ion  
of t h e  e x c i t a t i o n  process,  whereas proton r a d i a t i o n  more 
se r ious ly  affected the  i n h i b i t i o n  process.  

t i o n  f a l l  on the  following scale:  neutron > gamma rad ia-  
t i o n  > protons.  

d i s rup t ion  of conditioned r e f l e x  a c t i v i t y  on l i n e a r  ioniza-  
t i o n  dens i ty ,  and the  changes i n  t h e  ind ices  of t he  p e r i -  
phera l  blood are described. 

57 

Exposure t o  these  types of r a d i a t i o n  induced d i s t u r -  

With r e spec t  t o  e f fec t iveness ,  the  three  types of rad ia-  

A pa ra l l e l i sm w a s  es tab l i shed  between the  dependence of 

Comparative E f f e c t  of Fas t  Neutrons, Protons and Gamma 
Radiat ion i n  a Dose of 300 r a d  (Communication I) 

Much information has  accumulated on t h e  e f f e c t  of d i f f e r e n t  types of 
r ad ia t ion  on the  CNS and i t s  funct ions.  Various aspec ts  of the  e f f e c t  of 
ionizing r a d i a t i o n  on the  func t ions  of the  CTJS have been discussed i n  a number 
of monographs of Soviet  r ad iob io log i s t s  (Grigor 'yev, 1958, 1963; Livanov, 1962; 
Lebedinskiy, Nakhi l 'n i tskaya,  1960; L ivsh i t s ,  1961; Minayev, 1962; Piontkovskiy, 
1964) and i n  t h e  t r ansac t ions  of i n t e r n a t i o n a l  symposia devoted t o  t h i s  problem 
(Effec ts  of Ionizing Radiat ion on the Nervous System, 1962; Response of the  
Nervous System t o  Ionizing Radiation, 1962).  

- /138 

However, f o r  t he  most p a r t  t he  inves t iga t ions  were made f o r  the purpose of 
c l a r i fy ing  the  e f f e c t  of some indiv idua l  types of r a d i a t i o n  on the  funct ions of 
t h e  CNS, and we have not  been ab le  t o  f ind  information on the  comparative e f f e c t  
of r ad ia t ions  wi th  d i f f e r e n t  l i n e a r  i on iza t ion  d e n s i t y  on these  funct ions.  



The dependence of t h e  e f f e c t  of r a d i a t i o n s  on l i n e a r  i on iza t ion  dens i ty  
has been inves t iga ted  f o r  many func t ions  of the  body (Rayevskiy, 1957). These 
s tudies  a r e  of g r e a t  importance f o r  understanding t h e  mechanisms of t h e  biolo-  
g i c a l  e f f e c t  of r a d i a t i o n  and f o r  e s t ab l i sh ing  a s c i e n t i f i c  b a s i s  f o r  ensuring 
the  s a f e t y  of persons exposed t o  nuclear  energy. The complete absence o f  da ta  
on t h e  comparative e f f e c t  of d i f f e r e n t  types of r a d i a t i o n  on h igher  nervous 
a c t i v i t y  i s  an important gap i n  t h i s  f i e l d .  

The ob jec t ive  of our studies conducted on t h e  recommendation of and 
under the  d i r e c t i o n  of N.  N. L ivsh i t s ,  w a s  c l a r i f i c a t i o n  of t h e  c h a r a c t e r i s t i c s  
of the  e f f e c t  of d i f f e r e n t  types of r ad ia t ions  ( fas t  neutrons,  gamma r a d i a t i o n  
and 5 l O  MeV protons) i n  doses of 25, l 5 O  and 300 rad on t h e  higher  nervous 
a c t i v i t y  of mice and r a t s .  

This communication descr ibes  the  r e s u l t s  of an inves t iga t ion  of t he  
comparative e f f e c t  on t h e  conditioned reflex a c t i v i t y  of mice exer ted  by 
f a s t  neutrons,  510 MeV protons and gamma r a d i a t i o n  i n  a dose of 300 rad.  The 
l a t t e r  i s  close t o  LD f o r  the  SS ( V l )  s t r a i n  of mice f o r  gamma i r r a d i a t i o n .  
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The conditioned r e f l e x  motor method with dr inking refreshment w a s  used i n  

the  experiments. The app l i ca t ion  of  t h e  conditioned s t i m u l i  and t h e  recording 
of the p r i n c i p a l  ind ices  of t h e  conditioned reflex reac t ion  w e r e  accomplished 
with an automatic apparatus which w e  designed (Kornil 'yev, Korolevskiy, 1963). 
The animal reacted t o  t h e  conditioned stimulus by running t o  the  p lace  of re- 
freshment (dr inking bowl) along an inc l ined  trough a t  an angle of 350. 

The conditioned r e f l e x  s tereotype included pos i t i ve  conditioned s t i m u l i  -- 
sound and l i g h t  and a d i f f e r e n t i a t e d  sound s t imulus.  

The c h a r a c t e r i s t i c s  of t he  conditioned reflex a c t i v i t y  f o r  each animal w e r e  
determined on the  bas i s  of 20 experiments ca r r i ed  out af ter  f i r m l y  e s t ab l i sh ing  
the s te reo type .  The same number of t e s t s  w a s  a l s o  ca r r i ed  ou t  a f te r  i r r a d i a -  
t i o n .  Exceptions w e r e  the  animals i r r a d i a t e d  by neutrons,  i n  which subsequent 
t o  i r r a d i a t i o n  it was not  poss ib le  t o  ca r ry  out  t h i s  n m b e r  of experiments, due 
t o  the  appearance of i nd ica t ions  of acute r a d i a t i o n  s ickness  and the  dea th  of 
the  animals.  

The experiments were ca r r i ed  out  on mice ( sexual ly  mature males) of t he  
SS ( V l )  s t r a i n ,  weighing 16-18 g. P r i o r  t o  i r r a d i a t i o n  the  mice were divided 

i n t o  fou r  groups. Each group consis ted of f i v e  animals. I n  d i s t r i b u t i n g  the  
animals, every care  w a s  taken t o  ensure t h a t  the  makeup of t h e  group, w i th  re- 
s p e c t  t o  the  ind ices  of higher nervous a c t i v i t y ,  was i d e n t i c a l .  Each mouse i n  
a l l  groups had a pa r tne r  w i th  s i m i l a r  ind ices  of h igher  nervous a c t i v i t y  i n  
each of the rei..aining groups. The animals without  s u i t a b l e  pa r tne r s  w e r e  re- 
jec ted  p r i o r  t o  t h e  onse t  of t he  i r r a d i a t i o n s .  The groups w e r e  s e l ec t ed  i n  
t h i s  way i n  t h e  o the r  series of experiments as w e l l .  

57 

The ind ices  of conditioned reflex a c t i v i t y  of the  animals subjected t o  
i r r a d i a t i o n  were compared wi th  the  ind ices  of background conditioned reflex ac- 
t i v i t y  of these same animals, and wi th  t h e  corresponding ind ices  of t h e  animals 



TABLE 1. PHYSICAL CONDITIONS OF IRRADIATION (SERIES I ) .  

Group Type of r a d i a t i o n  

Co60 gamma r a d i a t i o n  

1.25 MeV neutrons + 
gamma r a d i a t i o n  

5lO MeV protons 
Control 

~. 

Dose, rad 

300 

234.8 + 64.6 
3 00 

Dose 
i n t e n s i t y ,  

rad /hr  

1560.6 

258.0 
3348.0 

- 
- 

Animals 

ss ( ~ 1 )  male 
57 
sexual ly  mature 
mice (16-18 g )  

Same 
Same 
Same 

of t he  con t ro l  group. Three groups of mice were subjected t o  genera l  acute  ir- 
rad ia t ion :  one group wi th  neutrons with a s m a l l  admixture of gamma rays ,  an- 
o t h e r  group wi th  protons and a t h i r d  with gamma rays .  The fou r th  group of 
animals was not  subjected t o  i r r a d i a t i o n  and served as cont ro l .  The phys ica l  
conditions of i r r a d i a t i o n  a r e  given i n  t a b l e  1. 

The i n t e n s i t y  of the  dose of gamma and neutron r a d i a t i o n s  was not  e n t i r e l y  
iden t i ca l ,  but  da t a  i n  the  l i t e r a t u r e  show t h a t  t h i s  f a c t o r  does not e x e r t  a 
sharp inf luence on the  changes of higher nervous a c t i v i t y  caused by i r r a d i a t i o n  
(Livshi t s  e t  a l . ,  1962, 1964). 

I n  the  s t a t i s t i c a l  ana lys i s  of the  material, t he  mean values of each /140 
index i n  any group of animals were determined from t h e  r e s u l t s  of 50 exper i -  
ments, ca r r i ed  out a f t e r  a day on f i v e  animals. 

The changes i n  the  p r inc ipa l  c h a r a c t e r i s t i c s  of t he  pos i t i ve  conditioned 
r e f l ex  revealed a t t enua t ion  of t he  e x c i t a t i o n  process i n  the  animals of t h e  
i r r a d i a t e d  groups. The only except ion w a s  t h e  i n t e n s i t y  of t he  pos i t i ve  con- 
di t ioned r e f l e x  (running r a t e ) .  I n  the  animals i r r a d i a t e d  by protons,  t h i s  
parameter increased anomalously, no t  co r re l a t ing  wi th  lengthening of the  l a t e n t  
period and decrease i n  the  dura t ion  of t h e  dr inking r eac t ion .  

I n  mice i r r a d i a t e d  by neutrons the  l a t e n t  period of the  conditioned r e f l e x  
lengthened sharply,  but  t h e  r a t e  of running t o  the  place of refreshment ( in-  
t e n s i t y  of t h e  conditioned r e f l e x )  decreased ( f i g s .  1 and 2 ) .  The dura t ion  of 
t h e  drinking r eac t ion  a t  t he  dr inking bowl decreased i n s i g n i f i c a n t l y ,  but more 
than  i n  the  remaining groups ( f i g .  3 ) .  The number of ex t inc t ions  of the condi- 
t ioned r e f l exes  increased,  g r e a t l y  exceeding the  increase  i n  t h e  number of ex- 
t i n c t i o n s  i n  the  remaining i r r a d i a t e d  groups, which w a s  a l s o  evidence of s t rong 
a t tenuat ion  of the  e x c i t a t i o n  process ( f i g .  4 ) .  

I n  the  group of animals subjected t o  gamma i r r a d i a t i o n ,  i n  the f i r s t  t e n  
days a f t e r  exposure the re  was a l s o  a t t enua t ion  of t h e  e x c i t a t i o n  process,  bu t  
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Figure 2. Mean changes of con- 
d i t ioned  r e f l e x  a f t e r  exposure 
t o  neutron, proton and gamma 
rad ia t ions  wi th  300 rad.  
Along y-axis -- absolu te  mean 
value of dev ia t ion  from i n i t i a l  
l e v e l  (cm/sec) . Other nota-  
t i o n s  same as i n  f i g .  l. 

Figure 1. Mean changes of l a t e n t  
period of conditioned r e f l e x  
a f t e r  exposure t o  neutron, proton 
and gamma rad ia t ions  wi th  300 rad.  
Along x-axis  -- t i m e  (one po in t  = 
10  experimental days) .  Along 
y-axis  - -  absolute  mean value o f  
devia t ion  from i n i t i a l  mean l e v e l  
( s e c ) .  
arrow. Ver t i ca l  l i n e s  on curves 
represent  e r r o r s .  1, Gamma; 2, 
protons; 3, neutrons; 4, con t ro l .  

Day of exposure denoted by 

it w a s  less c l e a r l y  expressed compared t o  the  changes i n  the  animals i r r a d i a t e d  
by neutrons.  I n  the  animals of t h i s  group the  l a t e n t  per iod of t h e  conditioned 
r e f l e x  a l s o  i n c r e a s e d i n l e n g t h ;  bu t  the dura t ion  of t h e  dr inking  r e a c t i o n  de- 
creased; however, t he  value of  t he  devia t ion  w a s  somewhat less than  i n  animals 
i r r a d i a t e d  by neutrons.  The i n t e n s i t y  of the  conditioned reflex a f t e r  gamma 
i r r a d i a t i o n  decreased t o  a considerably lesser degree than  a f t e r  exposure t o  
neutrons.  The number of e x t i n c t i o n s  of  t h e  conditioned reflex, as a l r eady  men- 
t ioned,  i n  t h e  groups of animals subjected t o  gamma i r r a d i a t i o n  w a s  considerably 
less than  t h e  number of e x t i n c t i o n s  i n  animals i r r a d i a t e d  by neutrons.  An /141 
exception w a s  t he  number of r e j e c t i o n s  of  water: t h i s  exceeded t h e  corre-  
sponding values i n  t h e  groups i r r a d i a t e d  by neutrons and protons ( f i g ,  5 ) .  
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Figure 3. Mean changes of dura- 
t i o n  of dr inking r eac t ion  t o  
conditioned s t imulus a f t e r  expo- 
sure t o  neutron, proton and gam- 
ma rad ia t ions  wi th  300 rad .  
Along x- and y-axes, no ta t ions  
same a s  i n  f i g .  1. Day of expo- 
sure denoted by arrow. 

Figure 4. Changes of number of 
ex t inc t ions  of conditioned re- 
f l e x  a f t e r  exposure t o  neutron, 
proton and gamma rad ia t ions  with 
300 rad .  
Along y-axis -- number of ex- 
t i n c t i o n s  of conditioned r e f l exes  
i n  percent  of mean i n i t i a l  l e v e l .  
Other no ta t ions  same a s  i n  f i g .  1. 

We be l ieve  t h a t  it i s  poss ib le  t o  a t t r i b u t e  the  absence of c o r r e l a t i o n  
between t h e  changes i n  these  two ind ices  ( c l o s e  i n  value) of a t t ecua t ion  of the  
exc i t a t ion  process  t o  t h e  following f a c t o r :  e x t i n c t i o n  of  the  conditioned 
motor r e f l ex ,  t h a t  i s ,  t o t a l  absence of r eac t ions  t o  a conditioned s t imulus 
i s  an ind ica t ion  of a severe d i s rup t ion  
inh ib i t i on  of the l a s t  l i n k  of t h e  r e f l e x  r e a c t i o n  t o  dr inking.  There- /142 
fore ,  i n  mice i r r a d i a t e d  by neutrons,  i n  which the  e x c i t a t i o n  process  suf- 
fered more severe ly  than i n  mice subjected t o  exposure t o  gamma rays, t h e  f i r s t  
of these d is rupt ions  w a s  observed more f requent ly ,  whereas i n  mice subjected t o  
gamma i r r a d i a t i o n  the  second of these  d is rupt ions  w a s  observed more f requent ly .  

of t h e  e x c i t a t i o n  process than  only 

I n  the  group of animals i r r a d i a t e d  by protons,  t he  l a t e n t  period of the 
conditioned reflex became longer,  bu t  the  dura t ion  of t h e  dr inking r eac t ion  a t  
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Figure 5 .  Changes of the number of re -  
j e c t i o n s  of water a f te r  exposure t o  neu- 
t ron ,  proton and gamma rad ia t ions  wi th  
300 rad.  
Along y-axis -- change of number of re- 
j e c t i o n s  of  water i n  percent  from i n i t i a l  
mean l e v e l .  Other no ta t ions  same as i n  
f i g .  1. 

the  dr inking bowl decreased. However, the  devia t ions  of t he  values  of /143 
these  ind ices  from the  mean value of t he  i n i t i a l  l e v e l  were expressed t o  a 
l e s s e r  degree than observed i n  the  animals subjected t o  neutron and gamma i r ra -  
d i a t i o n s .  

The i n t e n s i t y  of the  conditioned r e f l e x  i n  the  group i r r a d i a t e d  by pro- 
tons ,  on the  o ther  hand, a s  a l ready  mentioned, increased somewhat. I t s  value 
almost d id  not d i f f e r  from the  i n t e n s i t y  of t he  r e f l e x  i n  the  con t ro l  group of 
animals ( f i g .  2 ) .  The increase  i n  t h e  number of ex t inc t ions  of t h e  conditioned 
r e f l e x  i n  t h i s  group, a s  we l l  as r e j e c t i o n s  of w a t e r ,  w a s  less s i g n i f i c a n t  than 
i n  mice subjected t o  gamma i r r a d i a t i o n .  These r e l a t i o n s  d i f f e r  somewhat from 
those e s t ab l i shed  i n  our  e a r l i e r  comparison of the  r e s u l t s  of  neutron and gamma 
i r r a d i a t i o n s .  

I n  the  animals i r r a d i a t e d  by neutrons,  as mentioned above, more severedis- 
rupt ions  of higher  nervous a c t i v i t y  -- e x t i n c t i o n  of  t h e  conditioned ref lex -- 
w a s  observed more f requent ly ,  whereas among the  mice subjected t o  gamma i r r a d i a -  
t i o n  it w a s  more common t o  observe a less severe d i s rup t ion  of h igher  nervous 
a c t i v i t y  -- r e j e c t i o n  of  w a t e r .  
types of impairments of higher  nervous a c t i v i t y  appeared less f r equen t ly  
than  i n  the  group subjected t o  exposure t o  gamma rays .  
c i t a t i o n  process i n  t h e  f i rs t  of these  groups was l eas t  c l e a r l y  expressed. 

I n  the  group i r r a d i a t e d  by protons,  both f144 

Attenuat ion of t h e  ex- 



I n  the  con t ro l  group t h e  devia t ions  o f  t h e  values  of t h e  d i f f e r e n t  i nd ices  
from the  mean i n i t i a l  l e v e l  e i t h e r  were very i n s i g n i f i c a n t  or ind ica ted  an i m -  
provement of t he  e x c i t a t i o n  process.  The l a t en t  per iod decreased, v i r t u a l l y  
remaining a t  t h e  lower l i m i t  of t he  i n i t i a l  l e v e l ,  bu t  t h e  rate of running t o  
t h e  place of refreshment increased t o  t h e  l e v e l  of dev ia t ion  of t h i s  index i n  
t h e  group of animals subjected t o  exposure t o  protons.  Only the  dura t ion  of 
t h e  drinking r eac t ion  decreased t o  the  same value as i n  t h e  group of animals 
subjected t o  gamma i r r a d i a t i o n .  The number of e x t i n c t i o n s  of  t he  condi- 
t ioned  r e f l e x  and the  number of r e j e c t i o n s  of  water  i n  t h e  con t ro l  mice, 
compared t o  the mean l e v e l  before i r r a d i a t i o n ,  decreased and contrasted wi th  
t h e  sharp increase of these  ind ices  i n  the  i r r a d i a t e d  groups of animals. W e  
assume t h a t  such a decrease i n  the  values of t hese  two indices  i s  the  r e s u l t  of 
condi t ioning.  

j l k 5  

I n  a l l  i r r a d i a t e d  animals t h e r e  w a s  an increase  i n  t h e  number of phase 
phenomena. This was expressed most sharp ly  i n  t h e  animals subjected t o  expo- 
sure t o  neutrons. I n  t h i s  group there  w a s  an increase  of the  number of  ad jus t -  
ment and paradoxical  phases,  w i th  r e spec t  t o  t h e  index of mean dura t ion  of t he  
l a t e n t  period of conditioned r e f l exes .  A f t e r  gamma i r r a d i a t i o n  the  increase  of 
the  number of phase phenomena was less  c l e a r l y  expressed than  i n  animals i r ra -  
d i a t ed  by neutrons.  There w a s  a s t i l l  l ess  s i g n i f i c a n t  d i s rup t ion  of t h e  pro- 
p e r  force  r e l a t ionsh ips  i n  t h e  group of mice i r r a d i a t e d  by protons.  

I n  the  cont ro l  group the  number of paradoxical  phases decreased i n s i g n i f i -  
cantly,  but t h e  number of adjustment phases remained unchanged ( f i g s .  6 and 7) .  

The r eac t ions  t o  d i f f e r e n t i a t i o n  i n  the  animals i r r a d i a t e d  by neutrons de- 
creased wi th  respec t  t o  a l l  ind ices .  The l a t e n t  per iod of t h e  r eac t ion  t o  a 
d i f f e r e n t i a t e d  s t imulus increased, bu t  the running rate and t h e  dura t ion  of the  
dr inking r eac t ion  decreased ( f i g s .  8, 9 and 10). 

I n  the  group of animals subjected t o  gamma i r r a d i a t i o n ,  t h e  l a t e n t  period 
of d i f f e r e n t i a t e d  r eac t ion  decreased, which ind ica ted  some d i s i n h i b i t i o n  of d i f -  
f e r e n t i a t i o n ,  but  the running ra te  and the  du ra t ion  of t h e  dr inking r eac t ion  t o  
the d i f f e r e n t i a t e d  s t imulus a l s o  decreased, which seemingly w a s  evidence of 
impr o veme n t  of d i f f e r e n t  i a t  ion.  

I n  the  group of animals i r r a d i a t e d  by protons,  t h e  l a t e n t  per iod of d i f -  
f e r en t i a t ed  r eac t ion  revealed a s t ronger  d i s i n h i b i t i o n ,  bu t  t he  i n t e n s i t y  of 
t h e  d i f f e r e n t i a t e d  r eac t ion  revealed an improvement of d i f f e r e n t i a t i o n ,  more 
c l e a r l y  expressed than  i n  the  group of animals subjected t o  gamma i r r a d i a t i o n .  
A s  i n  t he  o ther  groups of animals, t h e  du ra t ion  o f  t h e  dr inking r eac t ion  to a 
d i f f e r e n t i a t e d  stimulus i n  mice i r r a d i a t e d  by protons a l s o  decreased, revea l ing  
some deepening of d i f f e r e n t i a t i o n ,  bu t  expressed t o  a lesser degree than  i n  the  
o ther  groups. These observat ions show t h a t  i n  the  group of animals subjected 
t o  proton and gamma i r r a d i a t i o n s  the re  i s  a c o r r e l a t i o n  i n  the  d i r e c t i o n  of the  
changes of t he  l a t e n t  per iod and the  i n t e n s i t y  of  t he  r eac t ion  t o  a d i f f e ren -  
t i a t e d  s igna l .  Whereas i n  both groups t h e  decrease of t h e  l a t e n t  period indi-  
cated a d i s i n h i b i t i o n  of d i f f e r e n t i a t i o n ,  t h e  i n t e n s i t y  of t h e  r e f l e x  t o  a d i f -  
f e r e n t i a t e d  s i g n a l  revealed a deepening of it. 
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Figure 6. Changes of r e l a t i v e  
number of paradoxical phases 
a f t e r  exposure t o  neutron, pro- 
ton  and gamma rad ia t ions  wi th  
300 rad.  
Along y-axis -- number of para- 
doxical phases i n  percent of 
mean i n i t i a l  l e v e l .  

Figure 7. Changes of r e l a t i v e  
number of adjustment phases 
a f t e r  exposure t o  neutron, pro- 
ton  and gamma r a d i a t i o n s  wi th  
300 rad. 
Along y-axis -- number of ad- 
justment phases i n  percent of 
mean i n i t i a l  l e v e l .  

It i s  c l e a r l y  noted t h a t  i n  the con t ro l  group t h e  dura t ion  of t he  /146 
drinking r eac t ion  a f t e r  a d i f f e r e n t i a t e d  stimulus decreased almost t o  the  
same degree as  i n  the  groups subjected t o  neutron and gamma i r r a d i a t i o n  which 
i n  a l l  p robab i l i t y ,  i s  the r e s u l t  of conditioning. Therefore, we received the 
impression t h a t  i r r a d i a t i o n  wi th  300 rad i s  almost no obs tac le  t o  the  process 
of conditioning i n  these animals. These r e s u l t s  d i f f e r  from the  e f f e c t s  of' 
i r r a d i a t i o n  wi th  25 r a d .  A s  w i l l  be demonstrated i n  one of our next communica- 
t i o n s ,  exposure t o  25 rad complicated t h e  formation of d i f f e r e n t i a t i o n  wi th  re -  
spect t o  t h i s  index, which w a s  e s p e c i a l l y  c l e a r l y  expressed i n  mice i r r a d i a t e d  
by neutrons. I n  animals i r r a d i a t e d  by neutrons t h e  p r o t e c t i v e  i n h i b i t i o n  was 
expressed most sharply, and t h e  phenomenon of d i s i n h i b i t i o n  of d i f f e r e n t i a t i o n  
was the re fo re  not de tec ted .  We w i l l  a t t r i b u t e  t h i s  phenomenon t o  t h e  f a c t  t h a t  
under t h e  influence of i r r a d i a t i o n  the re  i s  a t t enua t ion  of bo th  e x c i t a t i o n  and 
i n h i b i t i o n  processes.  With r e spec t  t o  a number of ind ices  the  a t t enua t ion  
of the i n h i b i t i o n  process i s  masked by t h e  development of p ro tec t ive  i n -  
h i b i t i o n  and i t s  summation wi th  condi t ioned i n h i b i t i o n .  
t h e  b a s i s  of similar phenomena was  proposed f o r  t h e  f i rs t  time by A. V. Lebed- 
in sk iy  and Z. N. Nakhi l 'n i t skaya  (1960). 
of d i f f e r e n t i a t i o n s  i n  mice exposed Lo proton and gamma i r r a d i a t i o n s  w a s  no t  

Such an explanat ion on 

It remains unc lear  why t h e  d i s rup t ion  
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Figure 8. Mean changes i n  l a t e n t  period 
of r e l a t i v e  d i f f e r e n t i a t i o n  a f t e r  expo- 
sure t o  neutron, proton and gamma radia-  
t i o n s  with 300 rad.  Notations same as  i n  
f i g .  1. 

discovered on t h e  bas i s  of t h e  d i f f i c u l t  c r i t e r ion ,  dura t ion  of t h e  alimentary 
reaction, but on t h e  bas i s  of t h e  eas i e r  c r i t e r i o n ,  t h e  value of t h e  l a t e n t  
period. A t  p resent  we cannot explain t h e  reasons f o r  t h i s  phenomenon, but we 
assume t h a t  t h e  changes of d i f f e r e n t i a t i o n  which we observed a re  r e l a t e d  t o  the 
e f f e c t  of t w o  f a c t o r s :  a t tenuat ion  of conditioned i n h i b i t i o n  and development 
of p ro t ec t ive  inh ib i t ion ,  which can be combined i n  d i f f e r e n t  ways. 
presents  t h e  r e s u l t s  of s t a t i s t i c a l  ana lys i s  of t h e  da ta  obtained i n  t h i s  s e r i e s  
of experiments, using t h e  Student t e s t .  

Table 2 

Table 2 shows t h a t  desp i te  t he  s m a l l  number of animals, d i f fe rences  between 
changes i n  t h e  two p r i n c i p a l  indices  of t h e  conditioned r e f l e x  a f t e r  exposure 
t o  d i f f e r e n t  types of r ad ia t ion  were r e l i a b l e .  

We ca r r i ed  out four s e r i e s , o f  experiments i n  which a study was made of t h e  
e f f e c t  of these  types of r ad ia t ions  on higher nervous a c t i v i t y .  



I 

Figure 9. Mean changes i n  running rate 
i n  response t o  d i f f e r e n t i a t e d  stimulus 
a f t e r  exposure t o  neutron, proton and 
gamma r a d i a t i o n s  wi th  300 rad.  
Along y-axis -- absolute mean value of 
devia t ions  from i n i t i a l  mean l e v e l  
(cm/sec). 
f i g .  1. 

Other no ta t ions  same a s  i n  

-LO/- ; 

Figure 10. Msan changes in  dura t ion  of 
dr inking  r e a c t i o n  i n  response t o  d i f f e r -  
e n t i a t e d  stimulus a f t e r  exposure t o  neu- 
t ron ,  proton and gamma r a d i a t i o n s  wi th  
300 rad. Notations same a s  i n  f i g .  1. 



r r -  i ' h L E  2. PROBABILITY OF RANDOM DISCREPANCIES OF MEAN VALUES 
(STu3Z;TT TEST) . 

Index of conditioned 
reflex a c t i v i t y  

Latent  per iod of conditioned 
ref l e x  

I n t e n s i t y  of conditioned 
r e f  lex 

Duration of dr inking r eac t ion  
a f t e r  conditioned stimulus 

Laten t  period of re la t ive  d i f -  
f e r e n t i a t e d  r eac t ion  

I n t e n s i t y  of r e l a t i v e  d i f f e r -  
en t i a t ed  r eac t ion  

Duration of dr inking r eac t ion  
t o  d i f f e r e n t i a t e d  stimulus 

No. of cases  of absent 
conditioned r e f l e x  

No. of cases of r e j e c t i o n  of 
dr ink 

No. of paradoxical phases ( f o r  
dura t ion  of l a t e n t  period of 
conditioned ref lex)  

No, of adjustment phases ( f o r  
t h i s  same index) 

Compared 
types of 

r ad ia t ions  

n-Y 
P-Y 
n-p 

n-Y 
P-Y 
n-p 

n-Y 
P- Y 
n- P 

n- Y 
P- Y 
n-p 

n- Y 
P-Y 
n- P 

n- Y 
P-Y 
n-p 

n-Y 
P-Y 
n-p 

n- Y 
P-Y 
n-p 

n- Y 
P-Y 
n- P 

n- Y 
P-Y 
n-p 

. .  

Probab i l i t y  
of random 

discrepancy 
(p)  

P < 0.05 
P > 0.05 
P < 0.05 

P > 0.05 
P > 0.05 
P < 0.01 

P > 0.05 
P > 0.05 
P > 9.05 

P > 0.05 
P > 0.05 
P > 0.05 

P > 0.05 
P > 0.05 
P > 0.05 

P > 0.05 
P > 0.05 
P > 0.05 

P < 0.05 
P > 0.05 
P < 0.001 

P > 0.05 
P > 0.05 
P > 0.05 

P > 0.05 
P > 0.05 
P > 0.05 

P < 0.001 

P < 0.01 
P > 0.05 
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TAi3LE 3. PHYSICAL CHARACTERISTICS OF IRRADIATION AND EXPERIMENTAL ANIMALS. 

Group 

- 

a 

b 

C 

a 
b 

a 

b 

a 

b 

C 

Type of i r r a d i a t i o n  

60 Co gamma r a d i a t i o n  

1.25 MeV neutrons + 
gamma r a d i a t i o n  

510 MeV protons 

co60 gamma r a d i a t i o n  
1.25 MeV neutrons + 

gamma r a d i a t i o n  

Co6o gamma r a d i a t i o n  

1.25 MeV neutrons + 
gamma r a d i a t i o n  

Co6O gamma r a d i a t i o n  

1 .25  MeV neutrons + 
gamma r a d i a t i o n  

5lO MeV protons 

Dose, rad 

300.0 

234.8 + 64.6 
300.0 

25 

19.5 + 5.5 

150.0 

131.0 + 19.0 

150.0 

107.0 + 42.0 
150.0 

Dose 
i n t e n s i t y ,  

rad /hr  

1560.6 

258.0 
3348.0 

360.0 

258.0 

1320. o 

795.0 

1230.0 

236.0 
3348.0 

Animals 

ss (VI) mice, 
57 
males, 16-18 g 

Same 
Same 

Same 

Same 

BAL V male mice, 
16-18 g 

Same 

"August" r a t s ,  
males , 
150-180 g 

Same 
Same 

Information on the  phys ica l  conditions of exposure and the experimental/l47 
animals i s  given i n  t ab le  3. The r e s u l t s  of each of t he  s e r i e s  of experiments 
w i l l  be published sepa ra t e ly .  

It i s  only necessary here t o  note t h a t  summary da ta  f o r  the fou r  s e r i e s  
were analyzed with Wilcoxon's t e s t .  A s  i s  we l l  known, t h i s  t e s t  i s  non- 
parametric and can be used f o r  analyzing nonuniform data ,  provided the makeup 
of t h e  compared groups i s  i d e n t i c a l .  The measures taken t o  ensure s a t i s f a c -  
t i o n  of t h i s  condition were mentioned previously.  The r e s u l t s  of the s t a t i s -  
t i c a l  processing are given i n  t a b l e  4. 

Table 4 shows t h a t  i n  t h e  ana lys i s  of summary data the d i f f e rences  i n  the 
l a t e n t  period of running i n  response t o  a d i f f e r e n t i a t e d  st imulus were r e l i a b l e .  

During the period of the inves t iga t ion  fou r  blood analyses were made for 
each animal. 
was expressed more sharp ly  than  i n  t h e  remaining experimental groups ( f i g .  11). 
On the second day a f t e r  i r r a d i a t i o n  t h e  number of leukocytes i n  t h i s  group of 
animals decreased by almost 7,500 c e l l s  below the mean i n i t i a l  l e v e l ;  on the 

I n  a l l  samples of t h e  group i r r a d i a t e d  by neutrons leukopenia 
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TABLE 4. PROBABILITY OF RANDOM DISCREPANCIES OF MEAN VALUES 
( WILCOXON s TEST) . 

Index of conditioned 
r e f l e x  a c t i v i t y  

Latent  per iod of conditioned 
re f l e x  

I n t e n s i t y  of conditioned 
reflex 

Duration of dr inking r eac t ion  
a f te r  conditioned s t imulus 

Latent  period of r e l a t i v e  d i f -  
f e r e n t i a t e d  r e a c t  i on  

I n t e n s i t y  of r e l a t i v e  d i f f e r -  
e n t i a  t e d  r eac t ion  

Duration of dr inking r eac t ion  
t o  d i f f e r e n t i a t e d  stimulus 

~ _. -. ____ 

Compared 
types of 

r a d i a t i o n s  

n- Y 
P-Y 

n- Y 
P-Y 

n-Y 
P-Y 

n- Y 
P-Y 

n- Y 
P-Y 

n-Y 
P-Y 
- 

1149 
Probab i l i t y  

of random 
discrepancy 

(p) 

P < 0.05 
P < 0.05 

P > 0.05 

P > 0.05 
P > 0.05 

P <  0.05 
P < 0.05 

P > 0.05 
P >  0.05 

P < 0.05 
P > 0.05 

P < 0.01 

Figure 11. Dynamics of changes i n  content of 
leukocytes i n  per iphera l  blood a f t e r  exposure t o  
neutron, proton and gamma r a d i a t i o n s  wi th  300 rad. 
Along x-axis -- t i m e  i nweeks .  Along y-axis  -- 
absolute  mean devia t ion  of number of  c e l l s  from 
i n i t i a l  mean l e v e l .  Ver t i ca l  l i n e s  on curves rep- 
r e s e n t  e r r o r s  of mean values.  Other no ta t ions  
same as i n  f i g .  1. 

142 



Figure 12. Dynamics of changes i n  con- 
t e n t  of e ry throcytes  i n  per iphera l  blood 
a f t e r  exposure t o  neutron, proton and 
gamma rad ia t ions  wi th  300 rad.  Notations 
same as i n  f i g .  11. 

eighth  day there  w a s  a decrease by almost 9,000 c e l l s .  Subsequent t o  t h i s  
time, f u r t h e r  blood analyses  f o r  t h i s  group of animals had t o  be dispensed 
with,  due t o  onset of death.  

I n  the groups of animals subjected t o  proton and gamma i r r ad i , a t ions  the  
number of leukocytes on the  second day a f t e r  exposure decreased by 5,000 1148 
and 5,500 c e l l s  r e spec t ive ly  from t h e  mean normal- 
normal number of leukocytes i n  the  group of animals subjected t o  gamma i r r a d i a -  
t i o n  proceeded in tens ive ly ,  and by the  2211.13 day a f te r  exposure t h e  number of 
leukocytes  w a s  1,600 c e l l s  l e s s  than  t h e  mean norm. 
animals i r r a d i a t e d  by protons t h e r e  w a s  no r e s t o r a t i v e  process  a t  a l l .  

The r e s t o r a t i o n  of t h e  

However, i n  t h e  group of 

However, here,  a f t e r  an almost i n s i g n i f i c a n t  i n i t i a l  tendency t o  r e s to ra -  
t i o n ,  a f t e r  the  second ana lys i s  t he re  was a constant  smooth decrease of the  
number of leukocytes.  I n  the  con t ro l  group the number of leukocytes var ied  
from +0.5 t o  -0.8 thousand c e l l s  of t he  mean i n i t i a l  l e v e l ,  which does no t  ex- 
ceed the ordinary f l u c t u a t i o n s  of  t h i s  index among mice. 

The change i n  the  number of  e ry throcytes  w a s  no t  as s u b s t a n t i a l  ( f i g .  
1 2 ) .  The number of e ry throcytes  i n  the  group i r r a d i a t e d  by neutrons de- f l 5 O  
creased by the  second day a f t e r  exposure by l,5OO,OOO c e l l s  from t h e  mean 
i n i t i a l  value,  and by the  e ighth  day, by 2,7OO,OOO c e l l s .  I n  the  group of mice 
subjected t o  proton and gamma i r r a d i a t i o n s  the  decrease of t h e  conten t  of  ery- 
throcytes  d id  n o t  d i f f e r  appreciably from t h e i r  f l u c t u a t i o n s  a t  t h e  n o m .  

The r e s u l t s  of analyses  of t h e  pe r iphe ra l  blood w e r e  a l s o  subjected t o  
s t a t i s t i c a l  ana lys i s  w i th  S tudent ' s  t e s t  f o r  t h i s  series ( table  5 )  and using 
Wilcoxonfs t e s t  f o r  t h e  summary d a t a  of Your series ( t a b l e  6).  

Table 5 shows t h a t  t h e  d i f f e rences  i n  t h e  changes of t h e  content  of leu-  
kocytes i n  animals subjected t o  gamma and neutron and neutron and pro ton  i r ra -  
d i a t i o n s  were r e l i a b l e  i n  the  ind iv idua l  tes ts .  With r e spec t  t o  t h i s  index, 



I 

TABLE 5 .  PROBmILITY OF RANDOM DISCREPANCIES OF MEAN VALUES OF CONTENT 
OF LEUKOCYTES AND ERYTRROCYmS IN PERIPhXRAL BLOOD USING STUDENT'S TEST 
(300 r a d ) .  

~ . - - . -. - . - 

Leukocytes (samples) 

- 
Com- 

pared 

of ra- 
d i a  t i on 

type 

-__ 

n- Y 
P-Y 
n-p 

Erythrocytes (samples ) 
~. 

I1 

PO. 05 
PO. 05 
m . 0 5  

. .~ 

111 

DO. 05 

-. . 

I 
.. - 

PO. 05 
P>O .05 
PO. 05 

- 

I1 

P O .  05 
PO. 05 
KO. 05 

~ 

I 

PO. 05 
PO. 05 
PO. 05 

I V  

P>O. 05 

I11 
_ _  _ _  

PO. 05 

I V  

-9.05 

NOTE. Se lec t ion  of p a i r s  of animals w a s  made p r i o r  t o  i r r a d i a t i o n .  
Absolute observa t iona l  da t a  were analyzed. 

TABLE 6. PROBABILITY OF RANDOM DISCREPANCIES OF MEAN VALUES OF COnTENT 
OF LEUKOCYTES AND ERYTHROCYTES I N  PERIPHERAL BLOOD (ANALYSES OF SWmY 
DATA FOR FOUR SERIES USING WILCOXON'S TEST). 

Leukocytes (samples) pared Corn- I Erythrocyte s ( samples ) 
_ _  . 

I 

K O .  01 
50.01 
s o .  01 

I1 of ra -  
d i a t ion  I11 

F O  .01 

K O  .01 
DO. 05 

I V  

P<o .01 
K O .  01 
PO. 05 

I11 I V  

K O .  01 

K O .  01 
PO. 05 

I1 

K O .  01 
K O  .01 
50.01 

s o .  01 

P<O .01 
P>O .05 

Kc). 01 

K O .  01 
PC). 05 

the  d i f fe rences  among t h e  groups subjected t o  proton and gamma i r r a d i a t i o n s  
were not  r e l i a b l e  f o r  any time during the  inves t iga t ion .  The d i f fe rences  i n  
the  content of e ry throcytes  among b o t h i r r a d i a t e d  groups were r e l i a b l e  only i n  
the second observat ion per iod.  

Analysis of t he  summary da ta  f o r  t h e  fou r  series revealed t h a t  t h e  d i f f e r -  
ences between t h e  c e l l  content  of both white and red blood c e l l s  i n  a l l  irradiated 
groups were r e l i a b l e  i n  t h e  overwhelming majori ty  of t h e  tests.  

Thus, t he re  i s  a considerable  correspondence between the  s e v e r i t y  of 
the d is rupt ions  of higher  nervous a c t i v i t y  and the  v u l n e r a b i l i t y  of t he  
blood system during exposures t o  the  above-mentioned types of r ad ia t ions .  

/l5l 
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Conclusions 

1. Acute whole-body exposure of mice of t h e  SS ( V I )  s t r a i n  t o  a r a d i a t i o n  
57 

dose of 300 rad  by f a s t  neutrons, gamma rays ( C o  ) and 510 MeV protons caused 
changes i n  conditioned motor drinking r e f l exes  which were d i s s i m i l a r  i n  value, 
and according to some indices  -- a l s o  d i s s i m i l a r  i n  d i r e c t i o n .  With respec t  t o  
t h e  e f fec t iveness  of exposure, these  types of r a d i a t i o n s  f a l l  i n  t h e  s e r i e s :  
neutrons > gamma r a d i a t i o n  > protons.  

60 

2. Neutron and gamma i r r a d i a t i o n s  caused a t t enua t ion  of e x c i t a t i o n  proc- 
esses,  manifested i n  an increased  l a t e n t  per iod  of p o s i t i v e  ref lexes ,  decreased 
i n t e n s i t y  of t h e  conditioned r e f l ex ,  an increase  i n  t h e  number of cases of ab- 
s en t  conditioned ref lexes ,  and d i s rup t ion  of t h e  proper  fo rce  r e l a t ionsh ips .  
A l l  these  phenomena were more s u b s t a n t i a l  i n  animals i r r a d i a t e d  by protons than  
i n  animals exposed to gamma i r r a d i a t i o n .  /152 

Rela t ive  t o  t h e  p r i n c i p a l  indices,  proton i r r a d i a t i o n  caused changes i n  t h e  
same d i r ec t ion ,  but l e s s  severe than gamma i r r a d i a t i o n .  A n  exception was t h e  
i n t e n s i t y  of t h e  conditioned r e f l e x  which increased, not corresponding t o  t h e  
decreased dura t ion  of t h e  drinking r e a c t i o n  and t h e  increased  l a t e n t  pe r iod  of 
t h e  conditioned r e f l e x .  

3. Neutron i r r a d i a t i o n  l e d  t o  i n t e n s i f i e d  d i f f e r e n t i a t i o n s  with respec t  
t o  a l l  ind ices  of t hese  react ions,  which i n  our opinion w a s  caused by a sum- 
mation of p r o t e c t i v e  and conditioned i n h i b i t i o n s .  
a t ions,  i n  addi t ion  t o  i n t e n s i f i e d  d i f f e r e n t i a t i o n  f o r  some of t h e  ind ices  ( run-  
ning ra te ,  dura t ion  of  drinking r eac t ion ) ,  t h e r e  w a s  d i s i n h i b i t i o n  of d i f f e ren -  
t i a t i o n  according t o  t h e  l a t e n t  pe r iod  index. 
pressed i n  animals i r r a d i a t e d  by protons.  

Af t e r  gamna and proton i r r a d i -  

D i s i n h i b i t i o n  was more c l e a r l y  ex- 

4. Exposure t o  t h e  inves t iga t ed  types of r a d i a t i o n s  caused d is rupt ions  
of both nervous processes.  
t h e  e x c i t a t i o n  process while pro ton  i r r a d i a t i o n  caused g r e a t e r  d i s rup t ion  of t h e  
i n h i b i t i o n  process.  
i n  animals i r r a d i a t e d  by neutrons w a s  masked by t h e  development of p r o t e c t i v e  
i n h i b i t i o n .  

Neutron and gamma i r r a d i a t i o n  more s t rong ly  damaged 

It i s  poss ib l e  t h a t  t h e  d i s r u p t i o n  of t h e  i n h i b i t i o n  process 

5 .  The leukopenic r e a c t i o n  w a s  expressed most sharp ly  i n  animals i r r a d i a t e d  
by neutrons. The process of r e s t o r a t i o n  of t h e  number of leukocytes i n  t h e  
p e r i p h e r a l  blood a f t e r  gamma i r r a d i a t i o n  w a s  r a t h e r  ac t ive .  I n  t h e  group of 
animals i r r a d i a t e d  by protons, t h e  number of leukocytes a f t e r  exposure t o  r a d i a t i o n  
d i d  not give any i n d i c a t i o n  of r e s t o r a t i o n .  Thus, i n  t h i s  s e r i e s  of experiments 
t h e  exgected p a r a l l e l i s m  between t h e  dependence on l i n e a r  i o n i z a t i o n  dens i ty  and 
t h e  damaging e f f e c t  of r a d i a t i o n s  on higher nervous a c t i v i t y  and blood i s  confirmed 
wi th  r e spec t  t o  most i nd ices .  



CHARACTERISTICS OF EFFECT OF DIFFERENT TYPES OF RADIATION 
ON Tm HIGHER NERVOUS ACTIVITY OF SMALL ANIMALS 

A. P. Korolevskiy 

ABSTRACT 

A s tudy  w a s  made of t he  comparative e f f e c t  of f a s t  neu- 

60 t rons  and gamma i r r a d i a t i o n  (Co ) i n  a dose of 25 rad on 
the h igher  nervous a c t i v i t y  of mice, employing the  condi- 
t ioned r e f l e x  dr inking method. 

i r r a d i a t i o n s  induced weakening of the  processes  of inh ib i -  
t i o n  and s t imula t ion .  Weakening of t h e  processes  of ac t ive  
i n h i b i t i o n  and s t imula t ion  i n  mice exposed t o  neutron i r r a -  
d i a t i o n  was expressed more c l e a r l y  than  i n  animals exposed 
t o  gamma i r r a d i a t i o n .  

It w a s  found t h a t  there  i s  a pa ra l l e l i sm between d i s -  
rup t ions  of conditioned r e f l e x  a c t i v i t y  depending on 
l i n e a r  i on iza t ion  dens i ty ,  and changes i n  t h e  hematological 
ind ices  w e r e  observed. 

It i s  demonstrated t h a t  acute  whole-body neutron and gamma 

Comparative E f f e c t  of Fas t  Neutrons and Gamma Radiation 
i n  a Dose of 25 rad (Communication 11) 

I n  the  preceding communication we presented t h e  r e s u l t s  of  an inves- /154 
t i g a t i o n  of t h e  comparative e f f e c t  of fas t  neutrons,  5lO MeV protons and 
gamma rad ia t ion  i n  a dose of 300 rad on t h e  conditioned r e f l e x  a c t i v i t y  of mice. 
These types of r a d i a t i o n  i n  an i d e n t i c a l  dose caused changes i n  the  conditioned 
alimentary r e f l exes  which were d i s s imi l a r  i n  value, and according t o  some in -  
d ices ,  a l s o  d i s s i m i l a r  i n  d i r e c t i o n .  The e f f e c t s  of neutron and gamma rad ia-  
t i o n  l e d  t o  r e l a t i v e l y  g r e a t e r  damage t o  t h e  s t imu la t ion  process  and t h e  proton 
i r r a d i a t i o n  t o  r e l a t i v e l y  g r e a t e r  damage t o  the  i n h i b i t i o n  process.  The 
changes of conditioned r e f l e x  a c t i v i t y  i n  mice subjected t o  neutron i r r a d i a t i o n  
were severer  than i n  the  group of animals subjected t o  the  e f f e c t  of gamma 
rad ia t ion  i n  an equal  dose.  The presence of t h e  same r e l a t i o n s  between the  
changes of t he  composition of the pe r iphe ra l  blood of t he  compared groups of 
animals w a s  a l s o  demonstrated. I n  general ,  t he  decrease of  the  number of 
leukocytes and ery throcytes  was more s i g n i f i c a n t  i f  ion iza t ion  dens i ty  w a s  
more l i n e a r .  
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Thus, a pa ra l l e l i sm was es tab l i shed  between the  s e v e r i t y  of the  r e a c t i o n  
of t he  nervous system t o  i r r a d i a t i o n  and the  degree of change of the  morpholo- 
g i ca l  composition of t he  pe r iphe ra l  blood depending on t h e  Linear ion iza-  
t i o n  dens i ty .  It w a s  a l so  discovered t h a t  t he  dependence of d i f f e r e n t  ind ices  
of conditioned r e f l e x  a c t i v i t y  on t h e  l i n e a r  i on iza t ion  dens i ty  i s  not  t he  
same. 

The object ive of t h i s  s tudy was a comparative inves t iga t ion  of t he  i n f l u -  
ence exerted on the  conditioned r e f l e x  a c t i v i t y  of mice by exposure t o  f a s t  
neutrons and gamma r a d i a t i o n  i n  a dose of 25 rad.  The research method was de- 

scribed i n  d e t a i l  i n  the preceding study'. 
inves t iga ted  t h e  e f f e c t  of r a d i a t i o n  on t h e  conditioned dr inking r e f l e x e s  
(running upward t o  a dr inking  bowl along an inc l ined  p lane) .  
period of t he  r eac t ion ,  running r a t e  and dura t ion  of the  dr inking r eac t ion  were 
recorded automatical ly  by a previously described method (Kornil 'yev, Korolevskiy, 
1963). The work w a s  done wi th  a s tereotype,  including sound (s t rong)  and l i g h t  
(weak) conditioned s t i m u l i  and one d i f f e r e n t i a t i o n  i n  t h e  audi tor  analyzer .  
animals were subjected t o  i r r a d i a t i o n  a f t e r  firm establishment of p o s i t i v e  con- 
di t ioned r e f l exes  and formation of r e l a t i v e  d i f f e r e n t i a t i o n .  
groups of mice ( f i v e  animals i n  each group) were subjected t o  a whole-body acute 
i r r a d i a t i o n  by neutrons and gamma rad ia t ion .  The t h i r d  group of animals served 
a s  cont ro l .  A s  i n  the  preceding study, i n  the  d i s t r i b u t i o n  of animals by groups 
spec ia l  care  w a s  taken t h a t  the  makeup of t he  groups was i d e n t i c a l .  Each ani-  
mal i n  one group had one pa r tne r  wi th  s imi l a r  ind ices  of conditioned r e f l e x  
a c t i v i t y  i n  each of t he  remaining groups. 

Here w e  repea t  only b r i e f l y  t h a t  w e  
/155 

The l a t e n t  

The 

The experimental  

The physical  condi t ions of i r r a d i a t i o n  are given i n  t a b l e  1. 

I n  the  groups of animals subjected t o  i r r a d i a t i o n ,  the  d i r e c t i o n  of the 
changes of conditioned r e f l e x  a c t i v i t y ,  according t o  most of t he  ind ices ,  w a s  
i den t i ca l ,  and only t h e  degree of d i s rup t ion  was dependent on the  l i n e a r  ioniza-  
t i o n  dens i ty .  

The changes of t h e  l a t e n t  period of t he  conditioned r e f l e x ,  running r a t e s  
and number of ex t inc t ions  of t he  conditioned r e f l e x  i n  both i r r a d i a t e d  groups 
were evidence of  a t t enua t ion  of the  s t imula t ion  process .  The l a t e n t  period in-  
creased considerably,  but the running r a t e  decreased somewhat i n  comparison wi th  
the mean i n i t i a l  l e v e l  ( f i g s .  1 and 2 ) .  I n  the  con t ro l  group the  l a t e n t  - /156 
period of the  conditioned r e f l e x  a t  t h i s  same t i m e  decreased a l i t t l e ,  bu t  
the  running rate did not  change. I n  the animals i r r a d i a t e d  by neutrons the  
changes of both ind ices  w e r e  expressed less c l e a r l y  than  i n  animals subjected t o  
gamma i r r a d i a t i o n .  It a l s o  should be noted t h a t  i n  mice subjected t o  exposure 
t o  gamma rays t h e  l a t e n t  period i n  the  second 10-day per iod w a s  sho r t e r ,  and the 
running r a t e  was g r e a t e r  than  p r i o r  t o  i r r a d i a t i o n .  This  phase of improvement 
of severa l  ind ices  of higher  nervous a c t i v i t y  a f t e r  i r r a d i a t i o n  has repea ted ly  
been described i n  the  l i t e r a t u r e  (Nemenov, 1944, 1950; Lebedinskiy, 

1 
See our preceding a r t i c l e  i n  t h i s  co l l ec t ion .  
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PHYSICAL CONDITIONS OF IRRADIATION AND MPERIMFNT& ANIMALS 
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Figure 1. 
of conditioned r e f l e x  a f t e r  exposure t o  
neutron and gamma rad ia t ions  (25 r a d ) .  
Along x-axis  -- time (one graduation = 1 0  
experimental days).  Along y-axis -- abso- 
l u t e  mean value of devia t ion  from i n i t i a l  
mean l e v e l  ( s e c ) .  Day of exposure i n d i -  
cated by arrow. V e r t i c a l  l i n e s  on curves 
represent  e r r o r s  of mean values.  1, gam- 
ma; 2, neutron; 3, control .  

Mean changes of l a t e n t  period 
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Figure 2. Mean changes of i n t e n s i t y  of 
conditioned r e f l e x  a f t e r  exposure t o  neu- 
t r o n  and gamma rad ia t ions  (25 r a d ) .  
Along y-axis -- absolute mean value 
dev ia t ion  from i n i t i a l  mean l e v e l  (cm/sec). 
Other no ta t ions  same as i n  f i g .  1. 

Nakhil 'nitskaya, 1960; L i v s h i t s ,  1956, 1961; Lomonos, 1957; Meyzerov, 1959, 
1962; B l a i r ,  1958; Riopel le ,  1956, and o t h e r s ) ,  and we cannot d i scuss  i t s  
mechanism here.  

/157 

It should be noted t h a t  i n  animals i r r a d i a t e d  by neutrons the phase of i m -  
provement of these ind ices  was not observed. The l a t e n t  period of the condi- 
t ioned r e f l e x ,  although somewhat decreased i n  comparison wi th  t h a t  recorded i n  
t h e  f i r s t  10-day per iod ,  d id  not reach t h e  i n i t i a l  l e v e l ,  and t h e  running r a t e  
d i d  not exceed normal l i m i t s  ( f i g s .  1 and 2 ) .  

Differences between the changes of t h e  l a t e n t  period and t h e  i n t e n s i t y  of 
t he  conditioned r e f l e x  i n  animals subjected t o  neutron and gamma i r r a d i a t i o n  
were c l e a r l y  expressed, bu t  no t  r e l i a b l e .  

Duration of t he  dr inking  r eac t ion  a f t e r  exposure t o  a conditioned stimulus 
was a l e s s  s e n s i t i v e  index and was v i r t u a l l y  i d e n t i c a l  i n  t h e  i r r a d i a t e d  and 
cont ro l  groups ( f i g .  3 ) .  

The number of e x t i n c t i o n s  of t h e  conditioned r e f l e x  (cases of lack ing  reac-  
t i o n  t o  a conditioned s t imulus)  a l s o  increased i n  both i r r a d i a t e d  groups and 
decreased considerably i n  the  con t ro l  group. 
number of cases lack ing  a conditioned r e f l e x  was discovered i n  mice 

The m a x i m u m  increase  of t h e  /158 
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Figure 3. Mean changes of dura t ion  of 
dr inking r eac t ion  t o  conditioned stimulus 
a f t e r  exposure t o  neutron and gamma rad ia -  
t i o n s  (25 rad).  
Along x- and y-axes, no ta t ions  same as  i n  
f i g .  1. Day of exposure i s  denoted by 
arrow. 

i r r a d i a t e d  by neutrons ( f i g .  4 ) .  I n  mice subjected t o  gamma rad ia t ion ,  i n  the 
second 10-day period the  number of cases  lack ing  a conditioned r e f l e x  
decreased and was below the  i n i t i a l  l eve l .  I n  mice i r r a d i a t e d  by neutrons 
there  w a s  no improvement of  t h e  higher  nervous a c t i v i t y  according t o  t h i s  in -  
dex. 

I n  animals subjected t o  i r r a d i a t i o n  the re  a l s o  w a s  an increase of t h e  
number of cases of r e j e c t i o n  of dr inking reinfor-ement.  It should be noted 
t h a t ,  i n  con t r a s t  t o  t h e  number of ex t inc t ions  of t h e  conditioned r e f l e x ,  an 
increase of the  number of cases of r e j e c t i o n  of  dr inking when t h e  animal 
reached t h e  dr inking bowl and returned without  dr inking w a s  expressed more 
sharply i n  mice subjected t o  exposure t o  gamma rays than  i n  mice i r r a d i a t e d  
with neutrons. The d i f fe rence  w a s  no t  r e l i a b l e ,  P > 0.05 ( f i g .  5 ) .  

A poss ib le  explanat ion of t he  absence of c o r r e l a t i o n  of changes of the  
number of ex t inc t ions  of conditioned reflexes and the  number of r e j e c t i o n s  of 
drinking reinforcement was presented i n  t h e  preceding study, because similar 
phenomena were observed under the  inf luence  of neutrons and gamma r a d i a t i o n  
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Figure 4. Changes of number of ext inc-  
t i o n s  of conditioned r e f l e x  a f t e r  expo- 
sure  t o  neutron and gamma rad ia t ions  
( 25 rad). 
Along y-axis  -- number of ex t inc t ions  of 
conditioned r e f l exes ,  expressed i n  per-  
cent of i n i t i a l  l e v e l .  Other no ta t ions  
same a s  i n  f i g .  1. 

and i n  the  case of i r r a d i a t i o n  i n  a dose of 300 rad.  W e  pos tu la ted  t h a t  t he  
t o t a l  absence of a r eac t ion  t o  a conditioned s t imulus i s  a severer  d i s rup t ion  
of t he  s t imula t ing  process than i n h i b i t i o n  of only the  l a s t  l i n k  of t h i s  reac- 
t i o n  -- the  n a t u r a l  dr inking reflex.  Therefore,  i n  t he  animals i r r a d i a t e d  by 
neutrons, i n  which t h e  s t imula t ion  process  w a s  a t tenuated  t o  a g r e a t e r  ex ten t  
than i n  animals subjected t o  gamma i r r a d i a t i o n ,  t he  f irst  of t hese  d i s rup t ions  
was observed more f requent ly ;  a f te r  gamma i r r a d i a t i o n  the  second w a s  observed 
more f requent ly .  Af te r  neutron i r r a d i a t i o n  a s m a l l  improvement was observed 
i n  the second 10-day period only wi th  respec t  t o  t h i s  index. 

The changes of t he  l a t e n t  period of t he  r eac t ion  and the  running ra te  i n  
response t o  the  d i f f e ren t i a t ed  stimulus ind ica ted  some tendency t o  i n t e n s i f i c a -  
t i o n  of d i f f e r e n t i a t i o n  a f t e r  neutron i r r a d i a t i o n  and the  phenomenon of d i s i n -  
h i b i t i o n  af ter  gamma i r r a d i a t i o n .  I n  the  f irst  of these groups t h e  l a t e n t  /159 
period of t he  r eac t ion  t o  d i f f e r e n t i a t i o n  lengthened somewhat, and t h e  
running ra te  decreased. Gamma i r r a d i a t i o n  had the  opposite e f f e c t .  I n  t h e  
cont ro l  group these ind ices  remained v i r t u a l l y  unchanged. Therefore,  by the  
time of i r r a d i a t i o n  they  a l ready  were q u i t e  s tab le .  D i f f e ren t  r e l a t i o n s  were 
discovered i n  the  changes of dura t ion  of t h e  dr inking r eac t ion  a f t e r  running i n  
response t o  t h e  d i f f e r e n t i a t e d  stimulus.  When the  animal reached the  dr inking  
bowl, a whole series of p o s i t i v e  conditioned s t i m u l i  (appearance of p a r t  of t h e  
groove where the dr inking  bowl w a s  s i t u a t e d  appearance of the  dr inking bowl, 
e t c . )  acted on t h e  animal. 
s t imuli  w a s  a d i f f i c u l t  problem. P r i o r  t o  i r r a d i a t i o n  t h e  i n h i b i t i o n  of t h i s  
reac t ion  s t i l l  was not  s t a b i l i z e d ,  and condi t ioning continued af ter  i r r a d i a t i o n ,  
This w a s  confirmed by the  f a c t  t h a t  i n  t h e  con t ro l  group, i n  t h e  course of t h e  
f i r s t  10-day period a f t e r  i r r a d i a t i o n  of t h e  experimental  groups, t he  du ra t ion  
of t he  dr inking r eac t ion  decreased by more than  a f a c t o r  of 3. 

Therefore,  t h e  e x t i n c t i o n  of t he  r e a c t i o n  t o  these  
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Figure 5 .  Changes of number of r e j ec -  
t i o n s  of  water a f t e r  exposure t o  neutron 
and gamma rad ia t ions  (25 r a d ) .  
Along y-axis -- number of r e j e c t i o n s  of 
water ,  expressed i n  percent of i n i t i a l  
mean l e v e l .  Other no ta t ions  same as i n  
f i g .  1. 

Both i r r a d i a t e d  groups were l e s s  capable of conditioning, and t h i s  w a s  ex- 
pressed more s t rong ly  i n  the  animals i r r a d i a t e d  by neutrons. This i nd ica t e s  a 
defec t ive  charac te r  of ac t ive  inh ib i t i on ,  according t o  t h i s  index, i n  the  i r r a -  
d ia ted  animals, e s p e c i a l l y  sharp ly  expressed i n  the  group subjected t o  exposure 
t o  neutrons. Lengthening of the l a t e n t  period and decrease of the  running r a t e  
i n  response t o  a d i f f e r e n t i a t e d  stimulus apparent ly  was caused i n  these mice by 
by s m a t i o n  of p r o t e c t i v e  and conditioned inh ib i t i ons .  The p o s s i b i l i t y  of t h i s  
process i n  animals subjected t o  i r r a d i a t i o n  w a s  pointed out  by A. V. 
Lebedinskiy and Z. N. Nakhil nitskaya (1960). 

A s  previously mentioned, the  d i f fe rences  i n  the  changes of the l a t e n t  
period and the i n t e n s i t y  of the conditioned r e f l e x  a f t e r  neutron and gamma ir- 
rad ia t ions  were not  r e l i a b l e  on the bas i s  of S tudent ' s  t e s t .  

I n  the  preceding communication we mentioned t h a t  we made four  s e r i e s  of 
experiments for comparing t h e  e f f e c t  of neutron, proton and gamma i r r a d i a t i o n s  
on conditioned r e f l e x  a c t i v i t y .  
of these s e r i e s ,  i n  which t h e  e f f e c t s  of neutron and gamma i r r a d i a t i o n s  a re  
compared. 

This r e p o r t  p resents  t he  r e su l t s  of only one 

A number of ind ices  ind ica t e  t h a t  the  r a d i a t i o n  e f f e c t s  had an i d e n t i c a l  
d i r e c t i o n  i n  a l l  four  s e r i e s .  Summary da ta  f o r  these  ind ices  were processed 
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Figure 7. Changes of number of 
adjustment phases after expo- 

sure t o  neutron 
t i o n s  (25  rad). 
Along y-axis -- 
doxi c a l  phases, 
per  cent  of mean 

and gamma rad ia-  sure  t o  neutron and gamma rad ia-  
t i o n s  (25 rad). 

number of para- Along y-axis -- number of ad- , 

expressed i n  justment phases, expressed i n  
i n i t i a l  l eve l .  percent  of mean i n i t i a l  l e v e l .  

with Wilcoxonfs t e s t .  The d i f fe rences  i n  t h e  changes of the  l a t e n t  per iod of 
the d i f f e r e n t i a t e d  r eac t ion  and t h e  dura t ion  of t h e  dr inking r eac t ion  i n  re -  
sponse t o  t h e  d i f f e r e n t i a t e d  stimulus after neutron and gamma i r r a d i a t i o n s  
were r e l i a b l e  wi th  respec t  t o  t h e  summary data .  

I n  the i r r a d i a t e d  mice the  phenomena of pro tec t ive  i n h i b i t i o n  a c t u a l l y  
were present .  This was confirmed by an increase  of the  number of phase 
phenomena. 

The increase  of t he  number of phase phenomena (according t o  the  index /160 
of the  dura t ion  of the  l a t e n t  period of conditioned r e f l e x e s )  was expressed 
most sharply i n  mice i r r a d i a t e d  by neutrons ( f i g s .  6 and 7) .  The d i f f e rence  
was not  s t a t i s t i c a l l y  r e l i a b l e ,  bu t  q u a l i t a t i v e l y  the  d i f f e rences  w e r e  t h e  same 
as i n  the  two remaining s e r i e s  of experiments (see a r t i c l e  i n  t h i s  c o l l e c t i o n ) ,  
which makes it poss ib le  t o  consider these  r e s u l t s  as nonrandom. This i n d i c a t e s  
t h a t  t h e  phenomena of p ro tec t ive  i n h i b i t i o n  were most sharp ly  expressed i n  mice 
i r r a d i a t e d  by neutrons. Therefore, t he  i n t e n s i f i c a t i o n  of d i f f e r e n t i a t i o n s  
( f i g s .  8 and 9 )  i n  t h i s  group can be a t t r i b u t e d  t o  the s m a t i o n  of t h e  pro tec-  
t i v e  and conditioned inh ib i t i ons ,  whereas the  process of ac t ive  i n h i b i t i o n  i n  
these  animals, a s  mentioned before,  remained defec t ive .  I n  mice subjected t o  
gamma r a d i a t i o n  the  p ro tec t ive  i n h i b i t i o n  w a s  expressed more weakly. This i s  
indicated by the  lesser change of t he  l a t e n t  per iods of p o s i t i v e  conditioned 
r e f l exes  and a l e s s e r  number of phase phenomena. Therefore, t he  a t t enua t ion  of 
ac t ive  i n h i b i t i o n  i n  the  animals of t h i s  group was manifested more c l e a r l y ,  
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Figure 8. Mean changes of 
l a t e n t  period of r e l a t i v e  
d i f f e r e n t i a t i o n  a f t e r  expo- 
sure t o  neutron and gamma 
rad ia t ions  (25 rad).  
Notations same as i n  f i g .  1. 

Figure 9. Mean changes of run- 
ning r a t e  i n  response t o  d i f f e r -  
e n t i a t e d  s t imulus a f te r  exposure 
t o  neutron and gamma rad ia t ions  
(25  rad). 
Along y-axis  -- absolute  mean 
value of dev ia t ion  from i n i t i a l  
mean l e v e l  (“see).  Other nota- 
t i o n s  same as i n  f i g .  l. 

because it was masked by t h e  p ro tec t ive  i n h i b i t i o n  t o  a lesser degree. The 
f a c t  t h a t  t h e  number of i n t e r s i g n a l  outputs  i n  t h e  i r r a d i a t e d  groups decreased 
more s i g n i f i c a n t l y  apparent ly  can be a t t r i b u t e d  t o  t h e  summation of  pro tee-  
t i v e  and conditioned inh ib i t i ons .  I n  t h e  mice i r r a d i a t e d  by neutrons the  de- 
crease of t h e  number of i n t e r s i g n a l  outputs  w a s  maximum. 

I n  o ther  words, the  e f f e c t  of  neutron and gamma i r r a d i a t i o n s  caused 
a t tenuat ion  of both nervous processes:  i n h i b i t i o n  and s t imulat ion.  How- 
ever,  the pro tec t ive  i n h i b i t i o n  and i t s  summation wi th  conditioned i n h i b i t i o n  
masked the  a t t enua t ion  of the  l a t t e r .  This process  of masking a t t enua t ion  of 
conditioned i n h i b i t i o n  by p ro tec t ive  i n h i b i t i o n  was more sharp ly  expressed i n  
animals i r r a d i a t e d  by neutrons.  

,I161 

Attenuation of conditioned i n h i b i t i o n  could be 
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Figure 10. Mean changes of dura t ion  of 
dr inking  r e a c t i o n  i n  response t o  d i f f e r -  
e n t i a t e d  stimulus a f t e r  ex osure t o  neu- 
t r o n  and gamma r a d i a t i o n s  P25 rad). 
Notations same as i n  f i g .  1. 

detected only on the bas i s  of the index of dura t ion  of the drinking r e a c t i o n  i n  
response t o  the d i f f e r e n t i a t e d  stimulus -- t he  most d i f f i c u l t  c r i t e r i o n ,  r e -  
qu i r ing  s t r e s s e s  of the i n h i b i t i o n  process ( f i g .  10). 

Thus, i n  mice subjected t o  t h e  e f f e c t  of neutrons, t h e  d i s r u p t i o n  of /162 
higher  nervous a c t i v i t y ,  according t o  most of t h e  ind ices ,  w a s  more severe 
than  i n  mice i r r a d i a t e d  by gamma rays i n  the  same dose. 

The same r e l a t i o n s  were a l s o  discovered i n  the changes of hematological 
i nd ices .  The decrease of t he  number of leukocytes and ery throcytes  i n  mice 
i r r a d i a t e d  by neutrons was more s i g n i f i c a n t  than  i n  t h e  group subjected t o  t h e  
e f f e c t  of gamma rad ia t ion .  
a f t e r  i r r a d i a t i o n )  t he  number of leukocytes had decreased by 5,000 c e l l s  from 
t h e  mean i n i t i a l  l e v e l  ( f i g .  11). I n  t h e  second and t h i r d  tests the re  was some 
progressive i n t e n s i f i c a t i o n  of leukopenia, and only a f t e r  t h e  t h i r d  t e s t  was 
the re  beginning of r e s t o r a t i o n  (although incomplete) of t h e  number of 
leukocytes.  

B y  the time o f  t he  f i rs t  t e s t  (on t h e  next day 

I n  the  group of animals subjected t o  gamma i r r a d i a t i o n ,  t h e  number of 
leukocytes i n  t h e  f i r s t  t e s t  had decreased by only 3,000 from t he  mean i n i t i a l  
number. I n  the second t e s t  (on t h e  8 t h  day) it decreased by another 1,000 
c e l l s .  The process of r e s t o r a t i o n  w a s  incomplete; by the end of t he  observa- 
t i o n  period t h e  number of leukocytes i n  t h i s  group of animals remained less 
than  the i n i t i a l  value by 2,500 c e l l s .  

I n  the case of i r r a d i a t i o n  w i t h  25 rad, a s  i n  the  case of exposure t o  /163 
300 rad,  t he  con t ro l  was t h e  same group of animals. As mentioned i n  t h e  
f i r s t  communication, t h e  changes of t h e  number of leukocytes i n  t h e  c o n t r o l  
group d id  not  exceed t h e  l i m i t s  of o rd inary  f l u c t u a t i o n s  of t h i s  index i n  
hea l thy  animals. 
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Figure 11. 
t e n t  of leukocytes i n  pe r iphe ra l  blood 
a f t e r  exposure t o  neutron and gamma 
rad ia t ions  (25 rad). 
Along x-axis - -  time i n  weeks. 
y-axis  -- absolute  mean devia t ion  of 
number of c e l l s  from i n i t i a l  mean l e v e l  
(number of c e l l s  pe r  1mm3). 
l i n e s  on curves represent  e r r o r s  of 
mean values.  

Dynamics of changes of con- 

Along 

Ver t i ca l  

Figure 12. 
t en t  of erythrocytes  i n  the  per iphera l  
blood a f te r  exposure t o  neutron and 
gamma rad ia t ions  (25)rad.  Notations 
same as i n  f i g .  11. 

Dynamics of changes of  con- 

A decrease of t h e  number of e ry throcytes  was observed only i n  the  group of 
animals i r r a d i a t e d  by neutrons ( f ig .  12) .  
as i n  t h e  cont ro l  animals, the f luc tua t ions  of the  number of e ry throcytes  d id  
not  exceed the  l i m i t s  of n a t u r a l  v a r i a b i l i t y .  

I n  mice subjected t o  gamma rays ,  

Summary da ta  on the  analysis of the  morphological composition of t he  
blood f o r  four  series of experiments, including t h i s  series,  were processed using 



t he  Wilcoxon's method of nonparametric s t a t i s t i c s .  The d i f fe rences  between 
changes of t h e  inves t iga t ed  morphological ind ices  i n  groups subjected t o  
neutron and gamma i r r a d i a t i o n s  combining t h e  results of t h e  four  s e r i e s  of ex- 
periments were r e l i a b l e .  These da t a  wer presented i n  d e t a i l  i n  t h e  f irst  com- 
munication. The use of t h e  "t' t e s t  for processing t h e  da t a  of t h i s  s e r i e s  d id  
not make it poss ib le  t o  de t ec t  s t a t i s t i c a l  r e l i a b l i t y  between changes of the  
morphological ind ices  of t h e  i r r a d i a t e d  groups. 

Conclusions 

1. Acute whole-body i r r a d i a t i o n  by neutrons (25 rad)  caused more s i g n i f i -  
cant changes i n  t h e  motor drinking r e f l exes  of d c e  than gamma i r r a d i a t i o n  i n  
t h e  same dose. 

2. I n  mice i r r a d i a t e d  by neutrons t h e  s t imula t ion  processes were at tenu-  
a ted  to a g r e a t e r  degree than i n  mice subjected t o  gamma i r r a d i a t i o n .  I n  t h e  
f i r s t ,  t he  l a t e n t  per iod  of t he  conditioned r e f l e x  increased more sharply and 
the re  were more frequent  cases lacking conditioned r e f l exes  and d is rupt ions  of 
t he  proper force  r e l a t ionsh ips .  I n  mice subjected t o  gamma i r r a d i a t i o n s ,  t h e  
increase of the  l a t e n t  per iod of  t h e  conditioned re f lex ,  some decrease of t h e  
running r a t e ,  and increase  of t h e  number of cases lacking a conditioned r e f l e x  
were replaced i n  t h e  second 10-day per iod  a f t e r  i r r a d i a t i o n  by improvement of 
these  indices ,  compared to t h e  i n i t i a l  background. 
phases of improvement of some indices  of higher nervous a c t i v i t y  were not  
observed. It was poss ib le  t o  de t ec t  only some s m a l l  decrease of t h e  number of 
cases r e j ec t ing  water. 

I n  mice i r r a d i a t e d  by neutrons, 
/164 

3. After gamma i r r a d i a t i o n  the re  was d i s i n h i b i t i o n  of d i f f e r e n t i a t i o n  i n  
mice while a f t e r  neutron i r r a d i a t i o n  according t o  some indices ,  i n t e n s i f i c a t i o n  
of d i f f e r e n t i a t i o n s .  However, t h e  more complex c r i t e r i o n  ind ica ted  a defec t ive  
character  of ac t ive  i n h i b i t i o n  i n  t h i s  group as well .  I n t e n s i f i c a t i o n  of d i f -  
f e r e n t i a t i o n  a f t e r  neutron i r r a d i a t i o n  i s  a t t r i b u t e d  t o  summation of conditioned 
and p ro tec t ive  inh ib i t i on .  The l a t t e r  was expressed most sharply i n  t h i s  group 
of animals. 

4. A pa ra l l e l i sm i s  noted between t h e  dependence of d i s rupt ions  of conditioned 
r e f l e x  a c t i v i t y  on l i n e a r  i on iza t ion  dens i ty  and changes of t h e  hematological 
indices .  



CHARACTEZISTICS OF EFFECT OF DIFFERENT TYPES OF RADIATION 
ON TFlE HIGHER NERVOUS ACTIVITY OF S W  ANIMALS 

A. P. Korolevskiy 

ABSTRACT 

A study was made of  the  comparative e f f e c t  of f a s t  neu- 
t rons ,  and 510 MeV protons and gamma rad ia t ions  i n  doses of 
150 rad on the  higher  nervous Bc t iv i ty  of "August" r a t s .  
The motor dr inking conditioned r e f l e x  method was used. D i s -  
turbances of e x c i t a t i o n  and i n h i b i t i o n  processes were de- 
tec ted  i n  a l l  i r r a d i a t e d  animals. Neutron and gamma i r r a d i a -  
t i o n s  r e su l t ed  i n  g r e a t e s t  d i s rup t ion  of the  e x c i t a t i o n  proc- 
e s s ,  whereas proton i r r a d i a t i o n  caused g r e a t e s t  d i s rup t ion  
of the  i n h i b i t i o n  process.  Neutron i r r a d i a t i o n  was most e f -  
f ec t ive ,  while proton i r r a d i a t i o n  was l e a s t  e f f e c t i v e .  

Comparative Ef fec t  of Fas t  Neutrons, Protons and Gamma 
Radiations i n  a Dose of 150 r a d  (Communciation 111) 

This communication i s  p a r t  of a s e r i e s  of s tud ie s  devoted t o  inves t i -  /165 
gating the  comparative e f f e c t  of neutrons,  gamma rays and protons on the  
higher nervous a c t i v i t y  of mice and r a t s .  

The r e s u l t s  of experiments on the  comparative e f f e c t  of neutron, proton 
and gamma i r r a d i a t i o n s  i n  a dose of 300 rad and neutron and gamma rad ia t ions  
i n  a dose of 25 rad a re  published i n  our  e a r l i e r  a r t i c l e s  i n  t h i s  co l l ec t ion .  
Summary da ta  f o r  a l l  s e r i e s  of experiments on mice and r a t s  were published ear -  
l i e r  (N .  N .  L ivsh i t s ,  A. P. Korolevskiy). 

Information on the  r e l i a b i l i t y  of the  r e s u l t s  i s  given i n  the  summary ar -  
t i c l e  and a l s o  i n  m t i c l e s  devoted t o  ind iv idua l  s e r i e s  of experiments. 

This r epor t  descr ibes  t h e  r e s u l t s  of i nves t iga t ion  of the  comparative e f -  
f e c t  exerted on higher  nervous a c t i v i t y  of r a t s  by f a s t  neutrons, protons and 
gamma rad ia t ions  i n  a dose of 150 r ad .  

I n  t h i s  inves t iga t ion ,  a s  i n  t h e  experiments on mice, we employed the  con- 
di t ioned r e f l ex  motor method wi th  drinking refreshment. The appl ica t ion  of 
the s t imul i  and the  recording of the  p r inc ipa l  ind ices  of the  conditioned 



r e f l e x  r eac t ion  were done by an automatic apparatus designed by us .  The animal 
reacted t o  the  conditioned stimulus by running from a box t o  the place of r e -  
freshment along a groove inc l ined  35' t o  the horizon. The conditioned r e f l e x  
steseotype consisted of p o s i t i v e  conditioned s t imu l i  (sound and l i g h t )  and a 
d i f f e r e n t i a t e d  sound stimulus. 

The c h a r a c t e r i s t i c s  of t h e  conditioned r e f l e x  a c t i v i t y  of each animal/166 
were compiled on the  b a s i s  of 20 experiments, s e t  up a f t e r  f i r m l y  e s t ab l i sh ing  
t h e  s te reo type .  The same number of t e s t s  w a s  a l s o  run a f t e r  exposure t o  radia-  
t i o n .  The experiments were made using "August" r a t s ,  mature males weighing 
150-180 g.  P r i o r  t o  i r r a d i a t i o n  the r a t s  were divided i n t o  fou r  groups i n  such 
a way t h a t  each of t he  animals i n  any of t h e  groups had a p a r t n e r  wi th  s imi l a r  
i nd ices  of conditioned r e f l e x  a c t i v i t y  i n  each of the remaining groups. Thus, 
t he  makeup of the groups, i n so fa r  as  poss ib le ,  w a s  i d e n t i c a l  wi th  r e spec t  t o  
t h e  ind ices  of higher nervous a c t i v i t y .  The ind ices  of the  conditioned r e f l e x  
a c t i v i t y  of animals subjected t o  i r r a d i a t i o n  were compared wi th  t h e  ind ices  of 
t h e  background conditioned r e f l e x  a c t i v i t y  of these  same animals and t h e  ani-  
mals of t he  cont ro l  group. 

The experimental animals were subjected t o  acute whole-body i r r a d i a t i o n .  The 
phys ica l  c h a r a c t e r i s t i c s  of i r r a d i a t i o n  are  given i n  t a b l e  1. 

TABLE 1. PHYSICAL CHARACTERISTICS OF RADIATION (150 rad). 
-. 

Group 

. -  

a 
b 

C 

Type of r a d i a t i o n  

Co6o gamma r a d i a t i o n  
1.25 MeV neutrons + 

gamma r a d i a t i o n  
510 MeV protons 

_ _ _ _  

Dose, rad 

150.0 

107.0 + 42.0 
150 

Dose 
i n t e n s i t y ,  

rad/hr 

1230.0 

236.0 
3348.0 

The f o u r t h  group was not  i r r a d i a t e d  and served as con t ro l .  

I n  t h e  s t a t i s t i c a l  processing of t h e  da ta  the  mean values of each index 
i n  any group of animals were determined on the b a s i s  of experimental d a t a  ob- 
t a ined  from 5 animals during the course of 10 experiments. 

The changes of t he  ind ices  of conditioned r e f l e x  a c t i v i t y  i n  the groups of 
animals subjected to i r r a d i a t i o n  f o r  t he  most p a r t  were s i m i l a r  i n  t h e i r  direc-  

t i o n  t o  the changes a l ready  described i n  preceding studies' and only d i f f e r e d  

'See Communications I and I1 i n  t h i s  c o l l e c t i o n .  
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Figure 1. Mean changes of l a t e n t  period 
of conditioned r e f l e x  a f t e r  exposure t o  
neutron, proton and gamma rad ia t ions  
(150 r ad ) .  
Along x-axis -- time (1 graduat ion = 1 0  
experimental days) .  Along y-axis -- abso- 
l u t e  mean value of devia t ion  from i n i t i a l  
mean l e v e l  ( sec)  . Day of exposure denoted 
by arrow. Ver t i ca l  l i n e s  on curves denote 
e r r o r s  of mean values.  1, Gamma; 2, pro- 
tons;  3, neutrons; 4, cont ro l .  

quan t i t a t ive ly ,  which was r e l a t e d  t o  t h e  change of the  dose of i r r a d i a t i o n  and 
the species  c h a r a c t e r i s t i c s  of the  animals. 

Change of the  l a t e n t  period of the  pos i t i ve  conditioned r e f l ex ,  running 
speed i n  response t o  t h e  conditioned stimulus ( i n t e n s i t y  of the  conditioned re- 
f l e x )  and the  dura t ion  of the  drinking r eac t ion  i n  th? groups of animals i r r a -  
d i a t ed  by neutrons and gamma rays  ind ica ted  a sharp a t t enua t ion  of the  /167 
st imulat ing process. In  comparison wi th  the  mean i n i t i a l  background, the  
l a t e n t  period of t he  r e f l e x  was lengthened considerably i n  both groups, and the 
i n t e n s i t y  of the  r e f l e x  (running r a t e )  and dura t ion  of t he  animal 's  s t a y  a t  the  
dr inking bowl decreased ( f ig s .  1, 2 and 3 ) .  
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Figure 2. Mean changzs of in ten-  
s i t y  of conditioned r e f l e x  a f t e r  
exposure t o  neutron, proton and 
gamma rad ia t ions  (150  rad). 
Along y-axis -- absolute  mean 
value of devia t ion  from mean i n i -  
t i a l  l e v e l  (cm/sec). Other nota- 
t i o n s  same as i n - f i g .  l. 

1 2 ' 3  d 

Figure 3. Mean changes of  
dura t ion  of dr inking r e a c t i o n  
t o  conditioned s t imulus a f t e r  
exposure t o  neutron, proton 
and gamma rad ia t ions  (150 
rad). Notations same as i n  
f i g .  1. 

I n  the  animals i r r a d i a t e d  by neutrons the  changes of t h e  l a t e n t  p e r i -  /168 
od, the  i n t e n s i t i e s  of t h e  conditioned r e f l exes  and the  dura t ions  of  the 
s t a y  a t  the  dr inking  bowl w e r e  more c l e a r l y  expressed than  i n  animals subjected 
t o  gamma i r r a d i a t i o n .  I n  animals i r r a d i a t e d  by protons the  l a t e n t  per iod  of 
the  r e f l e x ,  i n t e n s i t y  of  t he  r e f l e x  and dura t ion  of  t h e  dr inking r e a c t i o n  
changed i n  a d i r e c t i o n  opposi te  t o  t h a t  described. The mean l a t e n t  per iod i n  
t h i s  group of animals decreased by almost 0.4 sec  i n  comparison wi th  t h e  mean 
value of t he  i n i t i a l  l e v e l ,  and t h e  i n t e n s i t y  of t h e  reflex increased s t i l l  
more s i g n i f i c a n t l y  ( f i g s .  1 and 2 ) .  The t i m e  of t he  dr inking r eac t ion  a f t e r  
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Figure 4. Changes of number of ex t inc-  
t i o n s  of conditioned r e f l e x  a f t e r  expo- 
sure  t o  neutron, proton and gamma rad ia-  
t i o n s  (150 r ad ) .  
Along y-axis -- number of ex t inc t ions  
of conditioned r e f l exes  i n  percent  of 
mean i n i t i a l  l e v e l .  Other no ta t ions  
same a s  i n  f i g .  1. 

appl ica t ion  of the  conditioned stimulus i n  the  f i r s t  10-day period a l s o  in-  
creased sharply ( f i g .  3 ) .  
the  l a t e n t  period and the  i n t e n s i t i e s  of the  conditioned r e f l e x  d i d  not exceed 
the l i m i t s  of t h e i r  f l uc tua t ions  a t  t he  norm. The time of the  dr inking reac-  
t i o n  i n  t h i s  group of animals decreased somewhat. 

I n  the  cont ro l  group a t  t h i s  same time the values of 

The number of ex t inc t ions  of the  conditioned r e f l e x  i n  the  group of an i -  
mals i r r ad ia t ed  by neutrons and gamma rays  increased considerably i n  the  course 
of t he  f i rs t  10-day period a f t e r  exposure, which a l s o  ind ica t e s  a t tenuat ion  of 
the s t imulat ion process ( f i g .  4 ) .  
t rons  the  increase of the  number of ex t inc t ions  of the conditioned r e f l e x  a t  

I n  the  group of animals i r r a d i a t e d  by neu- 
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Figure 5 .  Changes of numbers of r e j ec -  
t i o n s  of water  a f t e r  exposure t o  neu- 
t ron ,  proton and gamma r a d i a t i o n s  
(150 r ad ) .  
Along y-axis -- number of r e j e c t i o n s  
of wa te r - in  percent of mean i n i t i a l  
l e v e l .  Other no ta t ions  same a s  i n  
f i g .  1. 

t h i s  time exceeded almost by twice the  number of ex t inc t ions  i n  t h e  group sub- 
jected t o  gamma i r r a d i a t i o n .  

In  the  animals subjected t o  i r r a d i a t i o n  by protons the  change of t he  num- 
ber of ex t inc t ions  of the conditioned r e f l e x  was i n s i g n i f i c a n t  and un re l i ab le .  

I n  t he  con t ro l  group the number of e x t i n c t i o n s  of t he  conditioned r e f l e x  
decreased. It can be surmised t h a t  t h i s  i s  the r e s u l t  of conditioning, which 
i n  the i r r a d i a t e d  animals d i s rupted  the  damaging e f f e c t  of i r r a d i a t i o n .  

The number of cases  of r e j e c t i o n  of drinking refreshment increased i n  a l l  
groups of animals subjected t o  i r r a d i a t i o n .  However, i n  c o n t r a s t  t o  t h e  pre- 
ceding index, t he  number of r e j e c t i o n s  of water i n  t h e  group exposed t o  gamma 
i r r a d i a t i o n  exceeded t h e  number of r e j e c t i o n s  i n  t h e  groups i r r a d i a t e d  by 
protons and neutrons ( f i g .  5 ) .  

I n  t h e  animals subjected t o  neutron i r r a d i a t i o n  t h e  number of r e j e c t i o n s  
of refreshment i n  the  course of the  f i r s t  10-day period, i n  comparison w i t h  the  
remaining i r r a d i a t e d  groups of animals, was the  lowest. 

Thus, i n  t he  groups of animals subjected t o  i r r a d i a t i o n  by neutrons and 
gamma rays i n  a dose of 150 rad,  t he re  wa5 a c h a r a c t e r i s t i c  noncorrespondence 
i n  t h e  changes between t h e  two l a t t e r  i nd ices .  

The absence of c o r r e l a t i o n  between t h e  changes of two ind ices  of t h e  s t a t e  
of t he  s t imula t ion  process, c lose i n  value, was a l s o  observed i n  t h e  case of 



i r r a d i a t i o n  of  mice by neutrons and gamma rays  i n  doses of 25 and 300 rad.  
I n  one of our  s tud ie s  we proposed the  following poss ib le  explanat ion of t he  
absence of such a co r re l a t ion :  ex t inc t ion  of the  conditioned motor r e f l e x  i s  
an index of a severer  d i s rup t ion  of the  s t imula t ing  process than i n h i b i t i o n  
only i n  the  l a s t  l i n k  of t he  r e f l e x  -- r eac t ion  t o  dr inking.  Therefore, i n  the 
group of animals i n  which the s t imula t ing  process suf fered  more severely,  t he  
f i r s t  of these d is rupt ions  w a s  observed more f requent ly ,  while i n  the  group 
i r r a d i a t e d  by gamma rays  the  second d is rupt ion  was observed more f requent ly .  
It should a l s o  be added t h a t  wi th  exposure t o  a dose of 150 rad,  t h e  absence of 
co r re l a t ion  between the  number of ex t inc t ions  of conditioned r e f l exes  and the  
number of r e j e c t i o n s  of refreshment was a l s o  observed i n  r e l a t ionsh ips  of t h e  
values of the  changes of these ind ices  i n  the  groups of r a t s  i r r a d i a t e d  by neu- 
t rons  and protons.  

/l7O 

The l a t t e r  was absent i n  the  case of exposure o f  mice t o  a dose of 300 rad.  

In  the  animals of the  cont ro l  group the  number of r e j e c t i o n s  of dr inking 
refreshment, l i k e  the  number of ex t inc t ions  of t he  conditioned r e f l e x ,  de- 
creased i n  the  course of t he  f irst  10-day period and a l s o  continued t o  decrease 
i n  the  second 10-day per iod a f t e r  i r r a d i a t i o n .  

We took i n t o  account phase phenomena f o r  the  l a t e n t  period of t he  /171 
conditioned r e f l e x .  In  con t r a s t  t o  the  e a r l i e r  experiments on mice i r r a -  
d i a t e d i n d o s e s  of 300 and 25 rad,  i n  these  experiments the  number of paradoxi- 
ca l  phases a f t e r  i r r a d i a t i o n  did not increase,  but  ins tead  decreased. A de- 
crease of the number of paradoxical phases was observed i n  the  cont ro l  animals 
a s  we l l  ( f i g .  6 ) .  
present  i n  t h i s  period i n  a l l  groups of r a t s .  

Apparently conditioning of the  s t imula t ion  process was 

100 

80 

60 

40 

20 c. 
Neu- Gamma t rons  
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Figure 6. 
c a l  phases a f t e r  exposure t o  neutron, 
proton and gamma rad ia t ions  (150 rad). 
Along y-axis -- number of paradoxical 
phases i n  percent  of mean i n i t i a l  l e v e l .  

Changes of number of paradoxi- 
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Figure 7. Changes of number of ad jus t -  
ment phases a f t e r  exposure t o  neutron, 
proton and gamma r a d i a t i o n s  (150 
r a d ) .  
Along y-axis - -  number of adjustment 
phases i n  percent of mean i n i t i a l  l e v e l .  

The number of adjustment phases, according t o  t h i s  index, increased i n  the  
r a t s  i r r a d i a t e d  by neutrons, both i n  comparison wi th  the  i n i t i a l  l e v e l  and i n  
comparison wi th  t h e  con t ro l  and the  remaining i r r a d i a t e d  groups. After expo- 
sure t o  gamma rays,  t he  increase  of the number of adjustment phases was l e s s  
c l e a r l y  expressed. I n  the  group i r r a d i a t e d  by protons the number of ad- 
justment phases decreased i n  comparison wi th  the i n i t i a l  background and the  
cont ro l  animals ( f i g .  7 ) .  

/172 

After i r r a d i a t i o n ,  i n  a l l  groups of animals, including the  cont ro ls ,  d i f -  
f e r e n t i z t i o n  i n t e n s i f i e d ,  which was r e l a t e d  t o  conditioning; however, i n  r a t s  
i r r a d i a t e d  by protons the conditioning process lagged considerably behind con- 
d i t i on ing  i n  the con t ro l  group, which i s  evidence of a t t enua t ion  of conditioned 
i n h i b i t i o n  ( f i g s .  8, 9 and 10). I n  the rats subjected t o  gamma i r r a d i a t i o n  the  
d i f f e r e n t i a t i o n  f o r  t he  l a t e n t  period was the same, but f o r  t h e  r a t e  of running 
it w a s  more c l e a r l y  expressed than f o r  r a t s  i r r a d i a t e d  by protons, bu t  weaker 
than  f o r  t h e  con t ro l  group. This group almost d id  not d i f f e r  from t h e  con t ro l  
group wi th  r e spec t  t o  the  dura t ion  of t h e  drinking r e a c t i o n  t o  d i f f e r e n t i a t i o n  
a f t e r  running. Thus, i n  comparison with t h e  con t ro l  group, the i n h i b i t i o n  
process  suf fered  i n  rats subjected t o  proton and gamma i r r a d i a t i o n .  

Somewhat d i f f e r e n t  r e l a t i o n s h i p s  were noted i n  ra ts  i r r a d i a t e d  by 
neutrons.  I n  t h i s  group of animals t h e  l a t e n t  period of t he  r eac t ion  t o  /173 
d i f f e r e n t i a t i o n  i n  t h e  f irst  10-day period was longer than  i n  t h e  con t ro l  
r a t s ,  and i n  the second 10-day period almost did not  d i f f e r  from t h i s  index f o r  
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Figure 8. Mean changes of l a t e n t  period 
of r e l a t i v e  d i f f e r e n t i a t i o n  a f t e r  expo- 
sure t o  neutron, proton and gamma rad ia-  
t i o n s  (150 rad). Notations same as i n  
f i g .  1. 

the cont ro l  group. 
ulus was equal t o  the same index f o r  t he  con t ro l  r a t s .  
neutrons t h e  dura t ion  of t he  drinking r eac t ion  was maximum. It considerably 
exceeded the value of t h i s  index both f o r  the con t ro l  r a t s  and f o r  r a t s  sub- 
jected t o  exposure t o  protons and gamma rays.  

The r a t e  of running i n  response t o  the d i f f e r e n t i a t e d  s t i m -  
I n  r a t s  i r r a d i a t e d  by 

I n  our e a r l i e r  studies, '  i n  a d iscuss ion  of t h e  e f f e c t  of neutrons, protons 
and gama rays  i n  doses of 300 and 25 rad on the  conditioned i n h i b i t i o n  of 
mice, we postulated t h a t  improvement of t h e  ind ices  of conditioned i n h i b i t i o n  
i n  mice i r r a d i a t e d  by neutrons i s  the  r e s u l t  of a summation of  conditioned and 

S?e a r t i c l e  by t h i s  same author i n  t h i s  co l l ec t ion .  
1 
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Figure 9. Mean changes of run- Figure 10. Mean changes of 
ning r a t e  i n  response t o  d i f f e r -  durat ion of dr inking reac t ion  
en t i a t ed  stimulus a f t e r  exposure t o  d i f f e r e n t i a t e d  stimulus 
t o  neutron, proton and gamma a f t e r  exposure t o  neutron, 
rad ia t ions  (150 r ad ) .  
Along y-axis - -  absolute  mean (150 r ad ) .  Notations same 
value of devia t ion  from i n i t i a l  as i n  f i g .  1. 
mean l e v e l  (cm/sec) . Other 
nota t ions  same as  i n  f i g .  1. 

proton and gamma rad ia t ions  

pro tec t ive  inh ib i t i ons .  The importance of t h i s  mechanism i n  the  r eac t ions  of 
t he  higher p a r t s  of the  c e n t r a l  nervous system t o  i r r a d i a t i o n  a l ready  has been 
pointed out i n  the l i t e r a t u r e .  

It can be postulated t h a t  some shortening of the l a t e n t  period of the  re-  
ac t ion  t o  d i f f e r e n t i a t i o n  i n  the  second 10-day per iod i n  the group of r a t s  
i r r ad ia t ed  by neutrons occurred due t o  a t tenuat ion  of pro tec t ive  i n h i b i t i o n ,  
t h a t  is ,  it was the r e s u l t  of r e s t o r a t i o n  of the  func t ion .  A t  t he  same time, 
some i n t e n s i f i c a t i o n  of t he  d i f f e r e n t i a t e d  r eac t ion  i n  the groups of animals 
subjected t o  proton and gamma i r r a d i a t i o n s  occurred due t o  i n t e n s i f i c a t i o n  of 
i n h i b i t i o n  a s  a r e s u l t  of func t iona l  r e s t o r a t i o n  and under the inf luence of 
conditioning. 

I n  the  l a s t  groups of animals, i n  t he  course of t he  second 10-day per iod,  
conditioning d id  not  have the  e f f e c t  observed i n  the  cont ro l  group because of 
atkenuation of t he  i n h i b i t i o n  process.  W e  assume t h a t  t he  i n t e n s i f i c a t i o n  of 
d i f f e r e n t i a t i o n  f o r  the l a t e n t  period and i ts  pers i s tence  by v i r t u e  of the  
conditioned r e f l e x  i n  animals i r r a d i a t e d  by neutrons i s  the  r e s u l t  of a s m a t i o n  
of conditioned and p ro tec t ive  inh ib i t i ons .  It should be noted t h a t  i n  t h i s  
s e r i e s  of experiments on rats the  p ro tec t ive  i n h i b i t i o n  w a s  l e s s  e f f e c t i v e .  



The l e s s  s i g n i f i c a n t  expression o fp ro tec t ive  i n h i b i t i o n  i n  t h i s  s e r i e s  of 
experiments i s  a l s o  confirmed by the  f a c t  t h a t  i n  t h i s  case the change of the  
nurnber of phase phenomena was l e s s  c l e a r .  I n  r a t s  subjected t o  neutron i r r a -  
d i a t i o n  there  was a r e l i a b l e  increase only i n  the  number of adjustment phases. 
The number of paradoxical phases decreased i n  t h i s  group even t o  a somewhat 
g rea t e r  ex ten t  than i n  the  con t ro l  animals. 
s t a t i s t i c a l l y  r e l i a b l e .  

The l a t t e r ,  however, was not  

Somewhat d i f f e ren t  r e l a t i o n s h i p s  were noted i n  changes of t h e  index 
of the dr inking r eac t ion  a f t e r  running i n  response t o  the  d i f f e r e n t i a t e d  s t i m -  
u lus .  I n  t h i s  s e r i e s  of experiments the  changes of t h i s  index i n  r a t s  i r r a d i -  
ated by neutrons resemble the  e f f e c t s  of i r r a d i a t i o n  i n  a dose of 25 rad 
i n  experiments on mice. 
the reac t ion  t o  the  d i f f e r e n t i a t e d  stimulus,  i n t e n s i f i e d  by addi t iona l  pro- 
gress ive ly  p o s i t i v e  s t i m u l i  of t h e  dr inking bowl s i t u a t i o n  w a s  a d i f f i c u l t  prob- 
lem. 
od a f t e r  i r r a d i a t i o n  of the  experimental groups, the  dura t ion  of the dr inking 
reac t ion  decreased by a f a c t o r  of almost s ix  and continued t o  decrease i n  the  
second 10-day period a s  wel l .  

/174 
It was found t h a t  e x t i n c t i o n  of  t he  l a s t  l i n k  of 

I n  a c t u a l i t y ,  i n  t he  cont ro l  group i n t h e  course of the  f i r s t  10-day pe r i -  

Similar  phenomena were observed i n  r a t s  subjected t o  gamma i r r a d i a t i o n .  
In  the remaining two groups of i r r a d i a t e d  r a t s  t h i s  func t ion  was l e s s  suscep- 
t i b l e  t o  conditioning; t h i s  capab i l i t y  a l s o  suffered most severe ly  i n  t h i s  case 
i n  animals i r r a d i a t e d  by neutrons.  

The change of the  r eac t ion  t o  d i f f e r e n t i a t i o n  i n  the  i r r a d i a t e d  groups of 
r a t s ,  i n  our opinion,should be considered the  r e s u l t  of two processes: a t tenu-  
a t ion  of conditioned i n h i b i t i o n  and the  summation of p ro tec t ive  and conditioned 
inh ib i t ions .  

A s  demonstrated above, i n  r a t s  i r r a d i a t e d  by protons the  phenomena of pro- 
t e c t i v e  inh ib i t i on  were not c l e a r l y  expressed, and with respec t  t o  a l l  ind ices  
there  was only a d i s i n h i b i t i o n  of d i f f e r e n t i a t i o n .  I n  r a t s  i r r a d i a t e d  by neu- 
t rons  the pro tec t ive  i n h i b i t i o n  was c l e a r l y  expressed. Therefore, with respec t  
t o  indices  not requi r ing  s t r e s s e s  of t he  i n h i b i t i o n  process ( l a t e n t  period of 
the reac t ion  and r a t e  of running i n  response t o  d i f f e r e n t i a t i o n )  , the  d i f fe ren-  
t i a t i o n s  e i t h e r  were not  worse o r  even were b e t t e r  than i n  the  cont ro l  animals, 
because i n  these cases the  e f f e c t  Of swnmation of t h e  pro$;.ective and conditioned 
inh ib i t i ons  occurred. However, wi th  respec t  t o  an index requi r ing  considerable 
s t r e s s  of the  i n h i b i t i o n  process (durat ion of the  dr inking r eac t ion  a f t e r  run- 
ning i n  response t o  d i f f e r e n t i a t i o n ) ,  the  inadequacy of the  i n h i b i t i o n  process 
was manifested so s t rongly  t h a t  t h e  summation of t h e  p ro tec t ive  and conditioned i n  
h ib i t i ons  could not  compensate it. 

I n  r a t s  subjected t o  gama i r r a d i a t i o n  the  a t tenuat ion  of i n h i b i t i o n  proc- 
esses  w a s  manifested by a decrease of the l a t e n t  per iod and an increase of the  
i n t e n s i t y  of t he  reac t ion  t o  an unreinforced stimulus and the dura t ion  of the  
s t ay  a t  the  drinking bowl w a s  t he  same *as  i n  the  cont ro l  group. We a l ready  
had encountered t h i s  phenomenon i n  an inves t iga t ion  of t he  e f f e c t  of gamma and 
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I proton i r r a d i a t i o n  i n  a dose of  300 rad.  A s  mentioned above, we cannot now 
indica te  the  s p e c i f i c  mechanisms of  t h i s  phenomenon, bu t  we  assume t h a t  the  
changes of d i f f e r e n t i a t i o n  are r e l a t e d  t o  t h e  e f f e c t  of a t t enua t ion  of  both 
s t imu la t ion  and i n h i b i t i o n p r o c e s s e s .  These f a c t o r s  can be combined i n  d i f f e r -  
e n t  ways. 

The d i s rup t ion  of  conditioned i n h i b i t i o n  i n  rats i r r a d i a t e d  by protons w a s  
most c l e a r l y  expressed. We therefore  assume t h a t  t h e  decrease of the  /I75 
l a t e n t  period of t he  conditioned r e f l e x  and t h e  increase of  t he  running 
r a t e  i n  these animals i n  response t o  the  conditioned stimulus w a s  no t  t he  re -  
s u l t  of i n t e n s i f i c a t i o n  of a s t imula t ing  process,  bu t  due t o  considerable  a t -  
tenuat ion  of i n h i b i t i o n .  I n  p a r t i c u l a r ,  t he re  w a s  a d i s rup t ion  of t h e  most 
s e n s i t i v e  i n h i b i t i o n  process,  which was manifested i n  a d i s i n h i b i t i o n  of d i f -  
f e r e n t i a t i o n s ,  and the  increase  of t h e  conditioned reflex obviously occurred 
secondari ly ,  not  as a r e s u l t  of i n t e n s i f i c a t i o n  of t h e  e x c i t a t i o n  process ,  bu t  
due t o  a t t enua t ion  of  the  i n h i b i t i o n  process,  and the re fo re  due t o  d i s rup t ion  
of t he  i n t e n s i t y  balance between these two nervous processes .  The f a c t  t h a t  
the e x c i t a t i o n  process i n  t h i s  group w a s  a t tenuated  r a t h e r  than i n t e n s i f i e d  i s  
ind ica ted  b y  the  considerable increase of t he  number of cases  of r e j e c t i o n  of 

During neutron i r r a d i a t i o n  the  i n h i b i t i o n  process  a l s o  a t tenuated .  A t  the  
same t i m e  there  was a t t enua t ion  of t he  e x c i t a t i o n  process (decrease of  condi- 
t ioned  r e f l exes ,  expressed i n  an increase of the  l a t e n t  period, decrease of in- 
t e n s i t y  of t he  r e f l e x ,  e t c . ) .  However, i n  these  animals t he  q u i t e  s u b s t a n t i a l l y  
expressed p ro tec t ive  i n h i b i t i o n  and i t s  summation wi th  unconditioned i n h i b i t i o n  
masked a t t enua t ion  of conditioned i n h i b i t i o n .  
when using the  most d i f f i c u l t  c r i t e r i o n ,  requi r ing  stresses of t h e  i n h i b i t i o n  
process,  which we mentioned above. Thus, i nves t iga t ion  of t h e  e f f e c t  of  f a s t  
neutrons,  protons and gamma rays on t h e  higher  nervous a c t i v i t y  of "August" 
r a t s  i n  a dose of 150 rad revealed t h a t  t h e  e f f ec t iveness  of t h e  adminis t ra t ion  
of d i f f e r e n t  types of r ad ia t ions  i s  d i f f e r e n t ,  bu t  w i th  r e spec t  t o  the  main 
ind ices  of conditioned r e f l e x  a c t i v i t y  i s  d i r e c t l y  propor t iona l  t o  t h e  l i n e a r  
ion iza t ion  dens i ty .  The e f f e c t  of neutrons caused a maximum d i s rup t ion  of the  
funct ions of the  CNS. Gamma rays caused r e l a t i v e l y  fewer d i s rup t ions .  Ac- 
cording t o  most ind ices  the  e f f e c t s  of p r o t o n i r r a d i a t i o n  d i f f e r e d  from t h e  ef-  
f e c t  of the o the r  two types of i r r a d i a t i o n  both q u a n t i t a t i v e l y  and q u a l i t a t i v e -  
l y .  Only wi th  r e spec t  t o  some indices  of conditioned reflex a c t i v i t y  w a s  the  
e f fec t iveness  of exposure t o  protons c lose  t o  t h e  e f f ec t iveness  of exposure t o  
gamma rays ( l a t e n t  period of t he  d i f f e r e n t i a t e d  r e a c t i o n ) .  According t o  o the r  
i nd ices  ( l a t e n t  period and i n t e n s i t y  of t he  conditioned reflex, dura t ion  of the  
dr inking reac t ion ,  e t c . ) ,  exposure t o  protons caused an e f f e c t  opposi te  of ex- 
posure t o  neutrons and gamma rays. F ina l ly ,  according t o  some ind ices  ( the  
number of ex t inc t ions  of t he  conditioned reflex) the  e f f ec t iveness  of exposure 
t o  protons was i n s i g n i f i c a n t .  This  circumstance shows t h a t  i n  func t iona l  re- 
spec t s  the  exposure t o  d i f f e r e n t  types of r a d i a t i o n  can be manifested d i f f e r -  
e n t l y  i n  d i f f e r e n t  i nd ices  of  conditioned reflex a c t i v i t y .  

The l a t t e r  can be detected only  

Tabl'e 2 g ives  the  r e s u l t s  of  s t a t i s t i c a l  processing of t he  experimental  
data ,  using S tudent ' s  t e s t .  

1 
See a r t i c l e  i n  t h i s  c o l l e c t i o n .  
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TABU 2. PROBABILITY OF RANDOM DISCREPANCIES OF MEAN VALUES 
(STUDENT'S TEST) (150 rad).  

Index of conditioned 
r e f l e x  a c t i v i t y  

- -  

Latent  period of conditioned 
r e f l e x  

I n t e n s i t y  of conditioned 
r e f l e x  

Drinking r eac t ion  t o  condi- 
t ioned r e f l e x  

Latent  period of d i f f e r e n -  
t i a t e d  r eac t ion  

I n t e n s i t y  of d i f f e r e n t i a t e d  
r e a c t  ion 

Drinking r eac t ion  t o  d i f f e ren -  
ti a ti on 

No. of cases of absent 
conditioned r e f l e x  

No. of cases of r e f u s a l  t o  
dr ink 

N o .  of paradoxical phases ( f o r  
durat ion of l a t e n t  period of 
conditioned r e f l e x )  

No. of adjustment phases ( f o r  
t h i s  same index) 

Compared 
types of 

r ad ia t ions  

n-Y 
P- Y 
n- P 

n- Y 
P-Y 
n- P 

n- Y 
P-Y 
n-p 

n-Y 
P-Y 
n-p 

n-Y 
P-Y 
n-p 

n- Y 
P- Y 
n- P 

n-Y 
P-Y 
n-p 

n-Y 
P-Y 
n-p 

n-Y 
P-Y 
n-p 

n- Y 
P-Y 
n-p 

P robab i l i t y  
of random 

discrepancy 

- 
(p) 

- .- - 

P > 0.05 
P > 0.05 
P < 0.01 

P > 0.05 
P < 0.05 
P < 0.05 

P > 0.05 
P > 0.05 
P < 0.05 

P > 0.05 
P > 0.05 
P > 0.05 

P > 0.05 
P > 0.05 
P > 0.05 

P > 0.05 
P > 0.05 
P > 0.05 

P < 0.05 
P > 0.05 
P < 0.05 

P > 0.05 
P > 0.05 
P > 0.05 

P > 0.05 
P > 0.05 
P > 0.05 

P > 0.05 
P > 0.05 
P < 0.05 



Figure 11. Dynamics of changes of con- 
t e n t  of leukocytes i n  the pe r iphe ra l  
blood a f t e r  exposure t o  neutron, proton 
and gamma rad ia t ions  ( 150 rad). 
Along x-axis  - -  time i n  weeks. Along 
y-axis  -- absolute  mean devia t ion  of 
number of c e l l s  from mean i n i t i a l  l e v e l .  
Ver t i ca l  l i n e s  on curves represent  
e r r o r s  of mean values.  Other no ta t ions  
same a s  i n  f i g .  1. 

Resul t s  of ana lys i s  of the r e l i a b i l i t y  of t he  d i f fe rences  i n  the e f -  
fec t iveness  of the th ree  types of r a d i a t i o n  on the  bas i s  of summary da ta  
f o r  the four  s e r i e s  of experiments, using the  nonparametric s t a t i s t i c s  method, 
a re  given i n  our f i r s t  communication. We r e c a l l  here only t h a t  the  d i f fe rences  
of t h e  changes i n  the  groups subjected t o  neutron and gamma i r r a d i a t i o n  were 
r e l i a b l e  on the  bas i s  of the summary da ta  f o r  the  l a t e n t  period of the  condi- 
t ioned r e f l e x ,  l a t e n t  period of the  r e l a t i v e  d i f f e r e n t i a t e d  r eac t ion  and dura- 
t i o n  of the  dr inking r eac t ion  t o  a d i f f e r e n t i a t e d  s t imulus.  The d i f f e rences  
between the  groups of animals a f t e r  proton and gamma i r r a d i a t i o n s  w e r e  r e l i a b l e  
f o r  the l a t e n t  period of the.condi t ioned r e f l e x ,  i n t e n s i t y  of the  r e f l e x  and 
the  l a t e n t  period of the r e l a t i v e  d i f f e r e n t i a t e d  r eac t ion .  
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Analysis of the  morphological composition of the  blood, as  i n  our e a r l i e r  
s t u d i e s ,  revealed t h a t  the  changes of t he  hematological i nd ices  c o r r e l a t e d  wi th  
the changes of conditioned r e f l e x  a c t i v i t y .  I n  rats i r r a d i a t e d  by neutrons 
leukopenia was expressed considerably more sharply than i n  the o the r  i r r a d i a t e d  
groups of animals ( f i g .  11). A decrease of the  number of leukocytes by more 
than  10,000 c e l l s  from t he  mean value of the i n i t i a l  l e v e l  was discovered 
the day a f t e r  i r r a d i a t i o n .  

The number of leukocytes 
by the  end of the  observat ion 

gradual ly  w a s  r e s to red  from sample t o  sample, but 
per iod was almost 5,500 c e l l s  l e s s  than  t h e  



Figure 12. Dynamics of changes of con- 
t e n t  of  e ry throcytes  i n  per iphera l  blood 
a f t e r  exposure t o  neutron, proton and 
gamma rad ia t ions  (150 r ad ) .  Notations 
same a s  i n  f i g .  11. 

i n i t i a l  value.  I n  the  group of animals subjected t o  gamma i r r a d i a t i o n  the  num- 
ber of leukocytes decreased t o  a l e s s e r  degree (by 6,000 c e l l s  from the  mean 
value of the  i n i t i a l  l e v e l ) .  
t i o n  of t he  number of leukocytes occurred concurrently i n  t h i s  group of animals 
and i n  the  group i r r a d i a t e d  by neutrons.  However, by the  fou r th  sample the  
number of leukocytes i n  the  group of animals subjected t o  gamma i r r a d i a t i o n  was 
res tored  t o  the  i n i t i a l  l eve l ,  passing i n t o  a s l i g h t  leukocytosis,  whereas i n  
the  group of animals i r r a d i a t e d  by neutrons the  r e s t o r a t i o n  was far  from com- 
p l e t e .  In  the  group of animals i r r a d i a t e d  by protons,  i n  which there  was a 
decrease of 3,000 c e l l s ,  the  number of leukocytes was res tored  by the  t h i r d  
sample t o  a d i f fe rence  of 3,000 c e l l s  from the  i n i t i a l  l e v e l  (with an increase 
by 1,000 c e l l s  from sample t o  sample), p a r a l l e l  wi th  the  process of r e s t o r a t i o n  
in  the animals i r r a d i a t e d  by gamma rays .  By the  fou r th  sample the  number of 
leukocytes again began t o  decrease.  I n  t h e  cont ro l  group the  number of leuko- 
cytes  decreased by 2,000 c e l l s  i n  the f i rs t  sample, which does not exceed the  
f luc tua t ions  of t he  norm i n  rodents,  and was gradual ly  res tored  t o  the  i n i t i a l  
l e v e l .  

Up t o  the  t h i r d  sample the  processes of r e s to ra -  

The decrease of the  number of e ry throcytes  occurred t o  a considerably 1178 
l e s s e r  degree i n  the i r r a d i a t e d  group of animals and revealed the same 
dependence on l i n e a r  i on iza t ion  dens i ty  a s  the decrease of leukocytes ( f i g .  1 2 ) .  
The r e s u l t s  of s t a t i s t i c a l  ana lys i s  of da t a  on the  d i f fe rences  i n  the  composi- 
t i o n  of the  per iphera l  blood a t  d i f f e r e n t  s tages  of observat ions among the  
groups of animals i r r a d i a t e d  by the  th ree  types of r ad ia t ion ,  using S tudent ' s  
t e s t ,  a re  given i n  t a b l e  3. 

Summary da ta  on inves t iga t ion  of the  composition of the  per iphera l  blood 
f o r  four  s e r i e s  of experiments, including t h i s  s e r i e s ,  were analyzed using 
Wilcoxon's t e s t .  The r e s u l t s  of the  ana lys i s  were given i n  our f i r s t  commu- 

n ica t ion .  
1 

'See f irst  a r t i c l e  by t h i s  same author i n  t h i s  co l l ec t ion .  
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TABLE 3. PROBABILITY OF RANDOM DISCREPANCIES OF MEAN VAIAES OF C O J I T "  
OF LEUKOCYTES AND ERYTHROCYTES I N  PERIPHERAL BLOOD (ANALYZED WITH 
STUDENT'S TEST) (FOURTH SERIES OF EXPERIMENTS -- l5O rad) .  

Type 
of ra- 

d i a t i o n  

n- Y 
P-Y 
n-p 

Leukocytes (samples) 

I 1 I1 

i 

Erythrocytes (samples) 

I 

DO. 05 
DO. 05 
wo. 05 

I1 

P O .  05 
P O .  05 
PO. 05 

I n  the cont ro l  group the change of  the  number o f  e ry throcytes ,  l i k e  t h e  
number of leukocytes,  did not exceed the l i m i t s  of t h e i r  n a t u r a l  va r i a t ion .  

Conclusions 

1. Acute whole-body i r r a d i a t i o n  of "August" rats i n  a dose of 150 rad by 
f a s t  neutrons, 510 MeV protons and gamma rays caused d i s s i m i l a r  changes i n  the  
motor dr inking r e f l exes  of ra t s ;  exposure t o  neutrons revealed a maximum e f f e c t  
and i r r a d i a t i o n  by protons produced a minimum e f f e c t .  The exposure t o  gamma 
rad ia t ion  occupied an intermediate  pos i t i on  between t h e  e f f e c t  of protons and 
neutrons.  

2. Exci ta t ion  processes i n  rats i r r a d i a t e d  by neutrons suf fered  more 
severely than i n  r a t s  exposed t o  qamma i r r a d i a t i o n .  The l a t e n t  period i n  
animals i r r a d i a t e d  by neutrons increased more s t e e p l y  and cases of absence of 
conditioned r e f l exes  were more f requent .  Disrupt ions of  fo ree  r e l a t ionsh ips  i n  
the animals of t h i s  group were more f requent  than  i n  t h e  animals of  t he  remain- 
i n g  groups. 
sure t o  neutrons,  bu t  the  degree of changes w a s  expressed more weakly than  /179 
i n  the  case of i r r a d i a t i o n  by neutrons.  
t i v e  i n t e n s i f i c a t i o n  of t h e  e x c i t a t i o n  process 
ind ices .  

The e f f e c t  of gamma rays  w a s  gene ra l ly  similar t o  t h e  effects ofexpo-  

The e f f e c t  of  protons l e d  t o  a re la-  
according t o  most of  t he  

3 .  After i r r a d i a t i o n  by neutrons t h e r e  w a s  a deepening of d i f f e r e n t i a t i o n  
f o r  t he  p a r t  of the  ind ices  of d i f f e r e n t i a t e d  r eac t ion  unre la ted  t o  stress of 
the inh ib i t i on  process,  caused by s m a t i o n  of p r o t e c t i v e  and condi t ioned in- 
h i b i t i o n s .  
t i o n ,  according t o  some indices .  After i r r a d i a t i o n  by protons the  d i f f e r e n t i a -  
t i o n s  were d i s inh ib i t ed  wi th  r e spec t  t o  a l l  inves t iga ted  ind ices .  According 
t o  the  d i f f i c u l t  c r i t e r i o n ,  requi r ing  a g r e a t  stress of t h e  i n h i b i t i o n  process  
(durat ion of t he  dr inking  r eac t ion )  among the  rats i r r a d i a t e d  by neutrons,  t he  
d i f f e r e n t i a t i o n s  were d i s i n h i b i t e d  more sharp ly  than  i n  the  animals i r r a d i a t e d  
by protons.  

The e f f e c t  of gamma r a d i a t i o n  l ed  t o  d i s i n h i b i t i o n  o f  d i f f e r e n t i a -  



4. The e f f e c t  of neutrons, gamma rays and protons causes d is rupt ions  of 
both e x c i t a t i o n  and i n h i b i t i o n  processes .  A s  a r e s u l t  of neutron and gamma 
ray i r r a d i a t i o n s ,  t he  most se r ious  d is rupt ions  a r e  i n f l i c t e d  on t h e  excj- ta t ion 
process,  while i r r a d i a t i o n  by protons causes g r e a t e s t  d i s rup t ion  of t h e  inh ib i -  
t i o n  process.  

5 .  There i s  a pa ra l l e l i sm between the  dependence of the d is rupt ions  of 
conditioned r e f l e x  a c t i v i t y  on l i n e a r  i on iza t ion  dens i ty  and changes of hema- 
t o l o g i c a l  indices .  



COMPARISON OF THE EFFECT OF WHOLE-BODY CHRONIC AND ACUTE 
GAMMA IRRADIATION ON TIB HIGHER NERVOUS A C T M T Y  

OF WHITE RATS (m ROLE OF THE TIME FACTOR) 

Y e .  S. Meyzerov 

ABSTRACT 

Two groups of r a t s  w e r e  exposed t o  whole-body gamma i r ra-  

One group w a s  i r r a d i a t e d  d i a t i o n b y  Cob' i n  a dose o f  160 hr .  
a t  a dose r a t e  of 85 r/min and the  o the r  a t  t h e  ra te  of 

6 r iday .  
The conditioned motor alimentary r e f l exes  and the  c e l l  

content  of the pe r iphe ra l  blood were s tudied i n  the  rats.  
Acute and chronic i r r a d i a t i o n s  caused similar changes 

i n  the  conditioned re f lexes .  According t o  some da ta ,  t he  
dis turbances of h igher  nervous a c t i v i t y  w e r e  somewhat more 
severe i n  ra t s  exposed t o  chronic i r r a d i a t i o n .  The d i f f e r -  
ence between the  changes i n  these  ind ices  i n  the  i r r a d i a t e d  
groups w a s  no t  l a r g e ,  bu t  nonetheless t hese  changes were 
s t a t i s t i c a l l y  r e l i a b l e .  

Contrary t o  t h e  r eac t ions  of higher nervous a c t i v i t y ,  
the  decrease of leukocyte,  erythrocyte  and hemoglobin content 
i n  the  per iphera l  blood w a s  more sharp ly  expressed i n  an i -  
mals exposed t o  acute  i r r a d i a t i o n .  

The inves t iga t ion  of t he  r o l e  of t he  t i m e  f a c t o r  i n  the  r eac t ions  of /180 
the  CNS t o  i r r a d i a t i o n  i s  of g r e a t  importance f o r  understanding the  mechan- 
i s m  of r a d i a t i o n  r eac t ions  observed i n  hygiene work and space biology, because 
when using nuclear  energy on the  ground and i n  space f l i g h t s  t he re  can be a d i f -  
f e r e n t  d i s t r i b u t i o n  of r a d i a t i o n  doses wi th  t i m e .  

A g r e a t  many inves t iga t ions  have been devoted t o  t h e  e f f e c t  of ion iz ing  
r ad ia t ions  on the  CNS; these  have been reviewed i n  monographs by A. V. 
Lebedinskiy and Z. N. Nakhi l 'n i tskaya (1960); N.  N .  L i v s h i t s  (1961); M.  N .  
Livanova (1962); P. F. Minayeva (1962) and I. A. Piontkovskiy (1964). We have 
n o t  succeeded i n  f ind ing  even one spec ia l ized  exper inenta l  s tudy i n  t h e  ava i l -  
able l i t e r a t u r e  which dea l s  w i t h  the  r o l e  of t h e  t i m e  f a c t o r  i n  the  e f f e c t  of 
i r r a d i a t i o n s  on the  conditioned reflexes. Inves t iga t ion  of t h i s  problem w a s  
t h e  objec t  of our  s tudy.  



Method 

The work was done us ing  the  L.  I. Kotlyarevskiy motor-alimentary method i n  
a modernized chamber, us ing  Wistar male r a t s  weighing 160-180 g a t  t he  t i m e  the  
inves t iga t ions  began. The experiments w e r e  c a r r i e d  ou t  using t h e  fol lowing 
s te reo type  ( t ab le  1). The i n t e r v a l s  between adminis t ra t ions  of t h e  s t imu l i  
var ied  from 75 t o  150 sec,  depending on t h e  p o s i t i o n  of t h e  ra t  i n  t h e  chamber: 
the s t imulus w a s  appl ied only a t  the  t i m e  when a r a t  w a s  seated wi th  h i s  head 
toward the  food t r a y .  The inves t iga t ions  of h igher  nervous a c t i v i t y  were 
accompanied by observat ions of the  pe r iphe ra l  blood, weight and genera l  condi- 
t i o n  of the animals. 

TABLE 1. EXPERlMEXTTAL CONDITIONS. 
~ 

Conditioned stimulus 

Tone 1-800 cps ( l e v e l  of 
sound i n t e n s i t y  35 db) 

Red l i g h t  ( l i g h t i n g  o f  
8-w lamp) 

Red l i g h t  ( l i g h t i n g  of 
8-w lamp) 

Tone 1-800 cps ( l e v e l  of 
sound i n t e n s i t y  35 ab) 

Tone 2-400 cps -- d i f f e r -  
e n t i a t i o n  ( l e v e l  of  
sound i n t e n s i t y  30 ab)  

Tone 1-800 cps ( l e v e l  of 
sound i n t e n s i t y  35 a b )  

Red l i g h t  ( l i g h t i n g  of 
8-w lamp) 

Tone 1-800 cps ( l e v e l  of 
sound i n t e n s i t y  35 ab)  

Time of 
ge ner a1  

e f f e c t  of 
conditioned 
s t imulus , 

sec  

10 

10 

10 

10 

10 

10 

10 

10 

- - _ _  ~~~ 

Time of 
i s o l a t e d  
e f f e c t  of  

conditioned 
stimulus,  

se c 
__ - _  . - _. 

5 

5 

5 

5 

5 

5 

5 

Hematological i nd ices  were inves t iga ted  on a s p e c i a l  group of r a t s  sub- 
jec ted  t o  i r r a d i a t i o n  under i d e n t i c a l  condi t ions.  
t o  exclude the  inf luence of even an i n s i g n i f i c a n t  trauma during the removal 
of t he  blood on the  conditioned r e f l e x  a c t i v i t y .  

This w a s  done i n  order  /181 

The c h a r a c t e r i s t i c s  of  the  conditioned reflex a c t i v i t y  of each animal were 
determined on the  b a s i s  of t h e  r e s u l t s  of 45-50 experiments ca r r i ed  out  a f te r  
establishment of the  s te reo type ,  which w a s  necessary f o r  obtaining s u f f i c i e n t  
ma te r i a l  f o r  s t a t i s t i c a l  ana lys i s .  
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I n  order  t o  c l a r i f y  the  typologica l  c h a r a c t e r i s t i c s ,  the  r a t s  were sub- 
jected t o  the  following tes ts :  
s ta rva t ion ,  i n j e c t i o n  of caffeine,  e f f e c t  of unconditioned i n h i b i t i o n  and 
physical  load p r i o r  t o  the  experiment. 

lengthening of d i f f e r e n t i a t i o n  t o  3 min, d a i l y  

After formulating and e s t ab l i sh ing  the  s tereotype , t he  inves t iga t ions  of 
va r i a t ions  of t he  conditioned reflex background and determination of t he  
typological  c h a r a c t e r i s t i c s  of t h e  animals, they w e r e  subjected t o  i r r a d i a t i o n .  
By t h i s  t i m e  t he  rats weighed 260-280 g.  

I r r a d i a t i o n  Conditions. Chronic i r r a d i a t i o n  was accomplished on an appara- 
t u s  which w e  created and i n  a spec ia l  box; dosimetr ic  measurements were made 

r egu la r ly  by dosimetr ic  engineer M.  M. Korotkov. 
source with an a c t i v i t y  of 125 m C i .  The cage wi th  t h e  animals was placed under 
the source, 80 cm from it. The dose i n t e n s i t y  was 0.276 r/hour; the  uniformity 
of the  i r r a d i a t i o n  f i e l d  was &5 percent .  The r a t s  w e r e  i r r a d i a t e d  d a i l y  f o r  22 
hours a day; the d a i l y  dose was 6.07 r .  Acute r a d i a t i o n  was accomplished using 
a GUBE-~OO apparatus wi th  a dose i n t e n s i t y  of 85 r/min, s ing ly  i n  a dose 1182 
of 160 r; the dura t ion  of the  i r r a d i a t i o n  w a s  not  much less  than 2 min. 

The source was a Co60 po in t  

The r a t s  were subjected t o  chronic i r r a d i a t i o n  d a i l y ,  except Sundays, un- 
til a t o t a l  dose of 160 r had been administered. A f t e r  the  i r r a d i a t i o n  had 
been completed the  animals were observed f o r  100 days. 

Neither t he  chronic nor the  acute  i r r a d i a t i o n s  caused s i g n i f i c a n t  changes 
i n  the  weight of the  animals. The ra t s  remained i n  good s p i r i t s  and ac t ive  
during the  i r r a d i a t i o n s  and a f t e r  t h e i r  completion and continued t o  ea t  t h e  
food given them. Their  s a n i t a r y  r e f l e x e s  were normal, which w a s  confirmed by 
the  condition of t h e i r  coa ts .  During the  e n t i r e  period of the  work the  coa ts  
were smooth and shiny. The i r r a d i a t i o n  of the  ra t s  caused a decrease of t h e  
t o t a l  number of leukocytes,  e ry throcytes  and the  hemoglobin content  i n  the  
per ipheral  blood. 

Research Resul ts  

1 Chronic I r r a d i a t i o n s  

I n  t h e  study o f  t he  r e s u l t s  of t he  experiments f o r  ind iv idua l  ra t s  we 
found both c e r t a i n  d i f f e rences  and f e a t u r e s  i n  common. The dynamics of t he  
changes o f  the  higher nervous a c t i v i t y  a t  t he  t i m e  of chronic i r r a d i a t i o n s  and 
i n  the course of t he  f i r s t  two per iods of t h e  a f t e r e f f e c t  i n  a l l  11 ra t s  were 
the  same. On the  very f i rs t  days of i r r a d i a t i o n ,  a f t e r  adminis t ra t ion  of a 

'The r e s u l t s  of t h i s  series of experiments ( Y e .  S. Meyzerov) on p a r t  of t h e  
animals were published by us ear l ie r .  Here we w i l l  mention these da t a  b r i e f l y ,  
because t h i s  i s  necessary f o r  comparison wi th  the  e f f e c t  of acute  i r r a d i a t i o n s .  



dose of 6-12 r, a l l  ra t s  manifested onset  of a phase of i n i t i a l  d e t e r i o r a t i o n  
of higher nervous a c t i v i t y .  This phase was character ized not  only by a de- 
crease of t he  values of the  pos i t i ve  conditioned r e f l exes ,  but  a l s o  by d is rup-  
t i o n  of the co r rec t  fo rce  r e l a t ionsh ips  i n  t h e  form of  adjustment phases, and 
i n  some of the  animals a l s o  paradoxical  phases, i n  most cases  a t  the  intermedi- 
a t e  and low l e v e l s .  Thereaf ter ,  desp i t e  t he  f a c t  t h a t  t he  i r r a d i a t i o n s  con- 
t inued and the  dose increased,  a phase of r e l a t i v e  improvement of the  condi- 
tioned r e f l e x  background appeared, which approached the  i n i t i a l  l e v e l ,  but  i n  
most cases did not  e n t i r e l y  reach t h i s  l e v e l .  After adminis t ra t ion  of 54-72 r 
there  w a s  a second wave of d i s rup t ion  of higher  nervous a c t i v i t y ,  more severe 
and in tense  than i n  the f i rs t  period; t he  decrease of the  conditioned r e f l exes  
was more s i g n i f i c a n t ,  paradoxical  phases a t  the  low and intermediate  l e v e l s  
were observed i n  a l l  animals, and the re  w e r e  cases of e x t i n c t i o n  of a r t i f i c i a l ,  
and i n  some animals, a l s o  the  na tu ra l  conditioned r e f l exes .  D i f f e ren t i a t ed  
inh ib i t i on  w a s  weakened i n  t h i s  period i n  a l l  rats.  I n  the  39-40 days a f t e r  
the end of i r r a d i a t i o n  the re  was f u r t h e r  d e t e r i o r a t i o n  of the  higher nervous 
a c t i v i t y ,  and only upon completion of t h i s  per iod did the  conditioned re -  
f l e x  a c t i v i t y  begin t o  improve. The i n i t i a l  l e v e l  of higher nervous a c t i v i t y  
was a t ta ined  i n  a l l  but  one of t he  r a t s  ( N o .  6 ) ,  observat ions of which were 
in t e r rup ted  due t o  pneumonia and dea th  of t h e  animal. It i s  obvious t h a t  the 
i l l n e s s  prevented the  f u l l  normalization of higher  nervous a c t i v i t y  i n  t h i s  
r a t .  I n  three  r a t s  ( N o s .  12,  2 and 18) the  i n i t i a l  l e v e l  of higher nervous 
a c t i v i t y  w a s  completely res tored  by the  end of the  observat ion period. I n  
seven ra t s  (NOS. 4, 8, 10, 14, 16, 20 and 22) conditioned r e f l e x  a c t i v i t y  
during t h i s  period was b e t t e r ,  according t o  a number of ind ices ,  than p r i o r  t o  
i r r a d i a t i o n s .  

1183 

Our experimental  da ta  were inadequate f o r  determining the c o r r e l a t i o n  be- 
tween the  type of higher  nervous a c t i v i t y  and i t s  impairments caused by i r r a -  
d i a t ions ,  but some c h a r a c t e r i s t i c s  of t he  r eac t ions  t o  i r r a d i a t i o n ,  neverthe- 
l e s s ,  should be noted. The r eac t ion  of t he  higher  p a r t s  of the  b ra in  t o  i r r a -  
d i a t i o n  i n  ra t s  of weak and intermediate types of nervous system was more 
severe than i n  animals of the  s t rong  type. The disappearance of unconditioned 
alimentary r e f l exes  w a s  observed only i n  th ree  r a t s  wi th  weak and intermediate  
types of nervous system. The improvement of conditioned r e f l e x  a c t i v i t y  i n  
comparison with the  i n i t i a l  l e v e l  w a s  observed only i n  animals with a s t rong  
(adjusted and unadjusted) type of nervous system and was absent i n  animals with 

weak and intermediate types of nervous system. 

Acute I r r a d i a t i o n s  

V. B. Rozen (1960) descr ibes  the r e s u l t s  of acute  i r r a d i a t i o n s  of r a t s  i n  
doses c loses t  t o  those used i n  our study (150 r and 450 r ) .  

However, f o r  a quan t i t a t ive  comparison of the  e f f e c t  of acute and chronic 
i r r a d i a t i o n s  on higher ne rvous . ac t iv i ty  the da ta  i n  the  l i t e r a t u r e  could not  be 
used. It w a s  necessary t o  inves t iga t e  the  e f f e c t  of acute  i r r a d i a t i o n s  on the  
funct ions with which we were concerned with r igorous adherence t o  the o the r  
experimental condit,ions. This w a s  t he  objec t ive  of our experiments. 
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After  acute i r r a d i a t i o n  with a dose of 160 r c lear ly 'expressed  changes of 
conditioned r e f l e x  a c t i v i t y  were observed i n  most of t he  rats on the  f i f t h  day 
a f t e r  exposure. 

Only i n  one case ( r a t  No.  1) was t h i s  phenomenon observed on the  t h i r d  
day, and i n  another r a t  ( r a t  N o .  17) it w a s  observed on t h e  s i x t h  day a f t e r  
i r r a d i a t i o n .  

Together with a decrease of the  values and a lengthening of t he  l a t e n t  
periods of the  conditioned r e f l exes ,  phase phenomena were observed which 
indicated the  development of  p ro tec t ive  inh ib i t i on .  I n  the  animals i n  which 
d i s rup t ions  of force  r e l a t ionsh ips  were observed p r i o r  t o  i r r a d i a t i o n ,  a f t e r  
exposure they increased i n  frequency and became more in tense .  Whereas 
p r i o r  t o  i r r a d i a t i o n  only adjustment phases were observed, af terwards t h e i r  
number increased and paradoxical  phases a l s o  appeared ( r a t s  Nos. 1, 7 and 
o t h e r s ) .  D i f f e ren t i a t ions  were d i s i n h i b i t e d  i n  onlytwo animals, bu t  t he  ap- 
pearance o r  i n t e n s i f i c a t i o n  of subsequent i n h i b i t i o n  ind ica ted  a weakening of 
t he  i n h i b i t i o n  process.  This a l s o  was ind ica ted  by the  increase  of i n t e r -  
s igna l  r eac t ions ,  

1184 

This period l a s t e d  from 20 t o  35 days and w a s  replaced by a gradual  nor- 
mal izat ion of higher nervous a c t i v i t y ,  l a s t i n g  20-30 days. I n  some of t h e  
animals ( r a t s  Nos. 1, 3, 5 ,  11, 15) the  i n i t i a l  l e v e l  of higher  nervous a c t i v -  
i t y  was completely res tored  i n  t h i s  per iod,  bu t  i n  th ree  animals (rats N o s .  7, 
9, 17) the  r e s t o r a t i o n  of higher  nervous a c t i v i t y w a s  noted l a t e r ,  55-60 days 
a f t e r  i r r a d i a t i o n .  

By t h i s  t i m e  i n  r a t s  N o s .  1, 3, 5 ,  11 the  values  of  the  conditioned re- 
f lexes  exceeded the  i n i t i a l  l e v e l ,  wi th  r e t en t ion  of d i f f e r e n t i a t i o n s  and t h e  
normal r e s u l t s  of func t iona l  tes ts .  I n  the  remaining th ree  rats the re  w a s  
s t a b l e  adherence t o  t h e  normal l e v e l  of higher  nervous a c t i v i t y  during t h i s  
per iod.  

All f i v e  r a t s  i n  which the  r e s t o r a t i o n  of h igher  nervous a c t i v i t y  w a s  ob- 
served i n  the e a r l i e r  per iods,  and i n  most of which the re  w a s  a phase of in -  
crease of t h e  i n i t i a l  l e v e l  according t o  a number of  ind ices ,  can be c lassed  
a s  having a s t rong  adjusted type of bigher  nervous a c t i v i t y .  

Among the  th ree  ra t s  f o r  which the  i n i t i a l  l e v e l  of h igher  nervous ac t iv -  
i t y  was res tored  l a t e r  and f o r  which increases  of t h e  i n i t i a l  l e v e l  w e r e  no t  
observed, one r a t  had a weak, one had an intermediate  and one had an unad- 
jus ted  type of nervous system. 

Comparison of t h e  Inf luence of Acute and Chronic I r r a d i a t i o n s  
on the Higher Nervous Ac t iv i ty  of R a t s  

It was pointed out  before  t h a t  the  r eac t ions  t o  i r r a d i a t i o n  t o  a c e r t a i n  
degree w e r e  r e l a t e d  t o  the  type of higher  nervous a c t i v i t y  of t h e  animals. I n  
o rde r  t o  be able  t o  make a quan t i t a t ive  comparison of t he  r e s u l t s  of acute  and 
chronic i r r a d i a t i o n s ,  it w a s  necessary t o  ensure an i d e n t i c a l  makeup of both 



groups. P a r t i c u l a r  a t t e n t i o n  w a s  given t o  t h i s  i n  the  s e l e c t i o n  of the  animals. 
The r a t s  i n  which sharp ly  expressed devia t ions  of t h e  ind ices  of higher nervous 
a c t i v i t y  from t h e  mean l e v e l  were noted w e r e  r e j ec t ed  p r i o r  t o  i r r a d i a t i o n .  
However, w e  were not  ab le  t o  ob ta in  a numerical e q u a l i t y  of the  groups, because 
some of t he  r a t s  died of  var ious i l l n e s s e s  (pneumonia, o t i t i s ) .  

Strong 
adjusted 

W e  now present  da t a  on the  makeup of t he  compared groups of r a t s  with 
respec t  t o  type of higher  nervous a c t i v i t y .  

Strong 
mad-  

justed 
Group of ra t s  

Chronically 

Acute 1 y 
i r r a d i a t e d  

i r r a d i a t e d  

I n t e r  - 
mediate 

2 

1 

Weak 

1 

1 

It can be seen t h a t  most of t he  r a t s  i n  each group had a s t rong ad- 1185 
justed type of higher nervous a c t i v i t y .  However, i n  the  group of chronica l ly  
i r r ad ia t ed  rats the animals of t h i s  type represented 54.5 percent  of t h e  t o t a l ,  
whereas among the  acu te ly  i r r a d i a t e d  ra t s  it was 62.5 percent .  I n  order  t o  ex- 
clude the  poss ib le  inf luence  of t h i s  d i f fe rence  i n  some cases  during the s t a -  
t i s t i c a l  processing of t h e  da ta ,  we excluded t h r e e  r a t s  from the  group of 
chronica l ly  i r r a d i a t e d  animals. Thus t h e  makeup of both groups became iden t i -  
c a l  both q u a l i t a t i v e l y  w i t h  respec t  t o  type of higher  nervous a c t i v i t y ,  and 
numerically, a s  w i l l  be pointed out  below. 

Group of r a t s  

Chronically 

Acutely 
i r r a d i a t e d  

i r r a d i a t e d  
~~ -. ~ ~ - .  . 

A s  mentioned above, t h e  most c h a r a c t e r i s t i c  aspec t  i n  t h e  r ad ia t ion  reac- 
t i ons  of t he  higher  p a r t s  of the  CNS of r a t s  t o  i r r a d i a t i o n  was a decrease of 
the conditioned r e f l exes  and d i s rup t ion  o f  proper i n t e n s i t y  r e l a t ions .  Disin- 
h i b i t i o n  of d i f f e r e n t i a t i o n s  w a s  less c l e a r l y  expressed, but appeared r egu la r ly .  
These phenomena were observed i n  both i r r a d i a t e d  groups, These da t a  were proc- 
e ssed s t a t  i s  t i c  a l ly .  
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Figure 1. Effect ofwhole-body chronic and acute  
gamma i r r a d i a t i o n s  on h igher  nervous a c t i v i t y  of 
r a t s .  
Time i n  10-day per iods i s  p lo t t ed  along the  x-ax is .  
For acute i r r a d i a t i o n :  I - -  experiments w i th  
normal higher nervous a c t i v i t y ;  I11 -- experiments 
wi th  s l i g h t  impairments of higher nervous a c t i v i t y ;  
V - -  experiments with severe impairments of higher  
nervous a c t i v i t y .  For chronic i r r a d i a t i o n s :  
I1 - -  experiments w i t h  normal higher  nervous ac t iv -  
i t y ;  I V  -- experiments w i th  s l i g h t  impairments of 
higher nervous a c t i v i t y ;  V I  -- experiments w i th  
severe impairments of higher  nervous a c t i v i t y .  
Ver t i ca l  dashed l i n e s :  l e f t  -- onset  of chronic 
i r r a d i a t i o n s ,  r i g h t  -- end of chronic i r r a d i a t i o n s  
and simultaneous end of acute  r ad ia t ion .  V- r t i ca l  
l i n e s  on curves represent  t r i p l e  t h e  mean e r r o r .  

In  the  comparison of changes of values of p o s i t i v e  conditioned r e f l e x e s  i n  
both groups we used Student 's .  t e s t ,  and f o r  the  o ther  i nd ices  of conditioned 
r e f l e x  a c t i v i t y  we used the  a l t e r n a t i v e  v a r i a b i l i t y  t es t .  
d i s i n h i b i t i o n  of d i f f e r e n t i a t i o n s  and cases  of subsequent i n h i b i t i o n  a f t e r  d i f -  
f e r e n t i a t i o n  were combined i n t o  the  group of s l i g h t  impairments of h igher  
nervous a c t i v i t y ,  and cases  ofabsent  formed and unconditioned reflexes t o  
reinforcement were assigned t o  t h e  category of severe impairments of higher  
nervous a c t i v i t y .  

Phase phenomena, 

Figure 1 shows da ta  on impairments of higher  nervous a c t i v i t y  i n  both ir- 
rad ia ted  groups of ra t s .  The i l l u s t r a t i o n  shows t h a t  t he re  i s  a c lose  
s i m i l a r i t y  of the  i n i t i a l  background i n  both groups with r e spec t  t o  t h e  
ind ices .  
a c t i v i t y ,  determined on the  bas i s  of da t a  f o r  50 experiments on each of  the  
ra t s ,  i s  79-82 percent .  

/186 

The mean number of experiments without impairments of h igher  nervous 

The d i f f e rences  between the  group means are f a r  less 
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than the  s c a t t e r  of these  values i n  each group. This confirms the  cor rec tness  
of s e l ec t ion  of t he  groups. 

The number of experiments w i th  normal higher  nervous a c t i v i t y  decreases 
sharply a t  the  t i m e  of chronic i r r a d i a t i o n ,  bu t  t he  number wi th  s l i g h t  impair-  
ments of higher nervous a c t i v i t y  increases .  
nervous a c t i v i t y  a l s o  appear i n  t h e  second 10-day period of i r r a d i a t i o n .  Their  
number increases  a f t e r  terminat ion of the  i r r a d i a t i o n s .  

Severe impairments of higher  

We w i l l  now compare the  r e s u l t s  of acute  i r r a d i a t i o n s  wi th  t h e  e f f e c t  of 
chronic i r r a d i a t i o n s  i n  t h e  a f t e r e f f e c t ,  when t h e  t o t a l  r a d i a t i o n  dose w a s  
f u l l y  administered. Figure 1 shows t h a t  a f t e r  acute  and chronic  i r r a d i a t i o n s  
i n  the  dynamics of t he  inves t iga ted  ind ices  the re  i s  a su rp r i s ing ly  c lose  cor- 
respondence of a tendency t o  a more severe course of r a d i a t i o n  r eac t ions  /187 
i n  the chronica l ly  i r r a d i a t e d  ra t s .  The curves represent ing  t h e  changes 
of t h e  number of experiments w i th  normal higher  nervous a c t i v i t y  a f t e r  i r r a d i a -  
t i ons  i n  both groups run almost p a r a l l e l  t o  one another.  The percentage of 
experiments with normal higher  nervous a c t i v i t y  i s  somewhat higher  f o r  animals 
subjected t o  acute i r r a d i a t i o n .  The d i f fe rence  i s  s t a t i s t i c a l l y  r e l i a b l e  i n  
the  f i r s t  and fou r th  groups of experiments a f t e r  i r r a d i a t i o n s  (each group in-  
cludes experiments ca r r i ed  out  on each group of r a t s  f o r  15 days) .  
f i f t h  and s i x t h  groups of experiments a f t e r  i r r a d i a t i o n s  was the  percentage of 
experiments wi th  normal higher  nervous a c t i v i t y  i n  the  chronica l ly  i r r a d i a t e d  
r a t s  somewhat higher than among r a t s  subjected t o  acute i r r a d i a t i o n ,  bu t  t h i s  
d i f fe rence  was s t a t i s t i c a l l y  un re l i ab le .  The percentage of cases  wi th  severe 
inpairments of higher nervous a c t i v i t y  i n  the  fou r  groups of experiments a f t e r  
i r r a d i a t i o n s  was somewhat g r e a t e r  among t h e  chronica l ly  i r r a d i a t e d  r a t s ,  bu t  
t h i s  d i f fe rence  i s  not  s o  g rea t ,  although s t a t i s t i c a l l y  r e l i a b l e .  

Only i n  the  

In order  t o  preclude the  p o s s i b i l i t y  of t h e  s l i g h t  nonuniformity of t he  
makeup of t he  compared groups of animals exe r t ing  any inf luence  on t h e  d i f f e r -  
ences i n  t h e  reac t ions  t o  i r r a d i a t i o n ,  we excluded from the  group of chroni- 
c a l l y  i r r a d i a t e d  animals t h ree  ra t s ,  thereby br inging about a f u l l  q u a l i t a t i v e  
and quan t i t a t ive  uniformity of both groups, as mentioned above. 

Figure 2 shows the  r e s u l t s  of s t a t i s t i c a l  processing of t h e  experimental  
da t a  a f t e r  equal iza t ion  of t he  groups. 

Figures  1 and 2 show t h a t  t h e  exclusion of t h ree  ra t s  from t h e  group of 
chronica l ly  i r r a d i a t e d  animals did not  introduce any bas ic  changes i n t o  t h e  
r e s u l t s  of t h e  s t a t i s t i c a l  processing, and only s l i g h t l y  increased the  statis-  
t i c a l  e r r o r  i n  t h e  group of chronica l ly  i r r a d i a t e d  animals, which could be 
a t t r i b u t e d  t o  a decrease of t h e  number of observat ions.  
correctness  of t he  choice of t h e  groups. 

This a l s o  confirms the 

Conditioned i n h i b i t i o n  w a s  weakened i n  both groups. After i r r a d i a t i o n  
t h e r e  was an i n t e n s i f i c a t i o n  of subsequent i n h i b i t i o n  a f t e r  d i f f e r e n t i a t i o n  and 
an increase of the number of i n t e r s i g n a l  r eac t ions .  The d i s i n h i b i t i o n  of d i f -  
f e r e n t i a t i o n s  was more sharp ly  expressed among t h e  chronica l ly  i r r a d i a t e d  ra ts ,  
bu t  the  d i f fe rence  between groups w a s  not  s t a t i s t i c a l l y  r e l i a b l e .  These da t a  
a re  s h m n  i n  f i g u r e  3. 
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2 4 e f f e c t  periods 

H i a - P  

Figure 2. E f fec t  of whole-body chronic  and t o t a l  
acute gamma i r r a d i a t i o n s  on higher nervous a c t i v i t y  
of r a t s .  
Groups of r a t s  subjected t o  acute and chronic i r r a -  
d i a t i o n  were i d e n t i c a l ,  q u a l i t a t i v e l y  and quant i ta -  
t i v e l y .  Notations same a s  i n  f i g .  1. 

Months 

Figure 3. E f fec t  of whole-body chronic  a n d  acute  
gamma i r r a d i a t i o n s  on d i f f e r e n t i a t e d  i n h i b i t i o n  of 
r a t s .  
Along x -ax i s  -- time i n  months. Along y-axis  -- 
number of d i s inh ib i t ed  d i f f e r e n t l a t i o n s  i n  percent 
i n  r e l a t i o n  t o  i n i t i a l  l e v e l ,  assigned value 100 
percent .  I -- f o r  acute i r r a d i a t i o n :  I1 -- f o r  
chronic 
chronic 
d i a t i o n  

i r r a d i a t i o n .  Arrows: l e f t  -- onset  of 
i r r a d i a t i o n s ,  s i g h t  -- end of chronic i r r a -  
and simultaneous end of acute i r r a d i a t i o n .  
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Figure 4. 
gamma i r r a d i a t i o n s  on mean value of  motor condi- 
t ioned r e f l e x  of rats.  
Along x-axis - -  t i m e  i n  months. Along y-axis -- 
percentage devia t ion  of value of conditioned r e f l e x  
from mean value of norm, assigned value 100 $. 
I -- f o r  acute  i r r a d i a t i o n ;  I1 -- f o r  chronic i r r a -  
d i a t i o n .  V e r t i c a l  l i n e s  on curves represent  t r i p l e  
the  mean e r r o r .  

E f fec t  of whole-body chronic and acute  

The decrease of t h e  mean i n t e n s i t y  of the  conditioned r e f l e x  among t h e  
chronica l ly  i r r a d i a t e d  rats was expressed t o  a somewhat g r e a t e r  ex ten t  than  i n  
the  group subjected t o  acute i r r a d i a t i o n .  The d i f fe rence  between the  groups 
w a s  small, but  s t a t i s t i c a l l y  r e l i a b l e  ( f i g .  4 ) .  

I n  our  ea r l i e r  s tudy  (Livshi t s ,  Meyzerov, Apanasenko and Kuznetsova, 1962) 

However, /188 
we noted the  somewhat severer  impairments i n  the  group of r a t s  subjected t o  
chronic i r r a d i a t i o n s  i n  comparison with acu te ly  i r r a d i a t e d  ra t s .  
on the  bas i s  of t h e  da t a  then  a t  our  d isposa l  t he  d i f fe rence  was not  s t a t i s -  
t i c a l l y  r e l i a b l e  and the re fo re  we  took care wi th  t h e  da t a  then a t  hand, Then 
we formulated add i t iona l  experiments, a s  a r e s u l t  of which w e  can now s t a t e  
with assurance t h a t  chronic i r r a d i a t i o n s  cause more s i g n i f i c a n t  impairments of 
higher nervous a c t i v i t y  than  acute  i r r a d i a t i o n s  i n  t h e  same dose, although the  
d i f fe rence  between t h e  e f f e c t s  of these two forms of exposure t o  a l l  i n t e n t s  
and purposes i s  s m a l l .  

A considerable q u a l i t a t i v e  d i f fe rence  i n  t h e  reac t ions  of t h e  higher  
nervous func t ions  is  discovered i n  a comparison of e a r l y  reac t ions  t o  i r r a d i a -  
t i o n  i n  both groups. However, chronic i r r a d i a t i o n  i n  the  f irst  days, when t h e  
administered dose w a s  on ly  6-12 r, caused a d e t e r i o r a t i o n  of higher nervous 
a c t i v i t y ,  expressed i n  an increase of the  number of phase phenomena ( f i g .  5 ) .  
I n  the  course of t h e  f i rs t  two days a f t e r  beginning of i r r a d i a t i o n  i n  t h e  
chronica l ly  i r r a d i a t e d  rats, adjustment phases were recorded i n  16 of t h e  22 
experiments; i n  12 cases  phase phenomena were observed a t  t he  intermediate  and 
low l eve l s .  Among t h e  acu te ly  i r r a d i a t e d  ra t s  on the  f i rs t  two days a f t e r  
i r r a d i a t i o n  the re  w a s  no t  a s ing le  experiment wi th  phase phenomena a t  the  low 
and intermediate levels .  I n  the  course of t h e  t h i r d  and fou r th  days a f t e r  t h e  
onset of i r r a d i a t i o n s ,  when the  administered doses were 18-24 r, i n  the  group 
of chronica l ly  i r r a d i a t e d  ra ts  adjustment phases were observed a t  the  in-  
termediate and low leve ls  i n  18 of t h e  22 experiments. 

/189 
On the  t h i r d  and 
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Figure 5 .  Effec t  of whole-body chronic and acute  
gamma i r r a d i a t i o n s  of r a t s  on number of phase 
phenomena i n  e a r l y  s tages  a f t e r  exposure. 
Along x-axis  -- time i n  days (each po in t  -- experi-  
ments f o r  2 days) .  For acute i r r a d i a t i o n :  
I -- adjustment phases a t  high l eve l ;  I11 -- ad- 
justment phases a t  intermediate and low l e v e l s .  
For chronic i r r a d i a t i o n :  I1 -- adjustment phases 
a t  high l e v e l ;  IV -- adjustment phases a t  i n t e r -  
mediate and low l eve l s .  

fou r th  days after acute i r r a d i a t i o n  adjustment phases were observed i n  only 4 
of 16 experiments, and i n  a l l  cases the  phase phenomena were a t  a high l e v e l .  

It therefore  appears t h a t  the  r eac t ion  of t he  higher p a r t s  of the  b ra in  
on the f irst  days a f t e r  acute  i r r a d i a t i o n  i n  a dose of 160 r develops more 
slowly and t r a n s p i r e s  f a r  more e a s i l y  than  a f t e r  chronic i r r a d i a t i o n s  wi th  the  
adminis t ra t ion  of f a r  smaller  doses. A well-expressed pro tec t ive  i n h i b i t i o n  
i s  observed only i n  t h e  l a t t e r  case.  

Figure 6 shows t h e  dynamics of changes of t he  number of impairments of 
higher nervous a c t i v i t y  among the chronica l ly  i r r a d i a t e d  rats during the 
e n t i r e  period of i r r a d i a t i o n .  The i l l u s t r a t i o n  shows t h a t  a f t e r  a sharp in -  
crease of impairments of higher  nervous a c t i v i t y  on the  f i rs t  days of i r r a d i a -  
t i o n ,  upon reaching an administered dose of 30 r the  higher nervous a c t i v i t y  
of t he  r a t s  improved somewhat. When the  t o t a l  dose increased from 50-72 r, 
it was higher  than a t  the  beginning of the  i r r a d i a t i o n s ,  but d i d  not  reach the 
i n i t i a l  l e v e l .  A new d e t e r i o r a t i o n  began when t h e  t o t a l  dose reached 96 r. 
A t  t h a t  time severe impairments of higher  nervous a c t i v i t y  began t o  appear. 
We see t h a t  the  r a d i o s e n s i t i v i t y  of t he  higher p a r t s  of t he  CNS changed 
s u b s t a n t i a l l y  i n  the  process of chronic i r r a d i a t i o n s .  After  an i n i t i a l  
sharp r eac t ion  t o  i r r a d i a t i o n  there  was a per iod of considerable decrease of 
the  e f fec t iveness  of t he  i r r a d i a t i o n s .  

/lgO 

However, t h i s  phenomenon of s ingular  adapta t ion  t o  i r r a d i a t i o n s  exerted no 
influence on t h e  f i n a l  r e s u l t .  Upon adminis t ra t ion  of the t o t a l  dose t h e  
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Figure 6. 
i r r a d i a t i o n s  i n  d a i l y  dose of 6 r on higher  
nervous a c t i v i t y  of rats. 
Along x-axis -- t i m e  i n  days (each po in t  -- 
experiments f o r  2 days) .  I -- experiments with 
normal higher  nervous a c t i v i t y ;  I1 -- experi-  
ments with severe impairments of higher  nervous 
a c t i v i t y  . 

E f f e c t  of whole-body chronic  gamma 

impairments of higher  nervous a c t i v i t y  a f t e r  chr0ni.c i r r a d i a t i o n  were no t  l e s s  
than a f t e r  acute exposure i n  the  same dose. The i r r a d i a t i o n s  administered i n  
t h e  period of enhanced rad iores i s tance  pa r t i c ipa t ed  i n  the  f i n a l  e f f e c t  
( a t  l e a s t  outwardly) the  same as  those exposures which caused a maximum 
rad ia t ion  r eac t ion .  

/I91 

I n  con t r a s t  t o  the  r eac t ion  of t h e  higher  p a r t s  of t he  brain,  t he  changes 
of the  hematological indices  were f a r  more severe , i n  t he  group of r a t s  sub- 
jected t o  acute i r r a d i a t i o n .  These da ta  a re  shown i n  f i g u r e  7. 

We d i d  not s t a t i s t i c a l l y  process the  r e s u l t s  of hematological inves t iga-  
t i o n s  s ince  the  problem of the  r o l e  of t he  time f a c t o r  i n  t h e  e f f e c t  of i r r a -  
d i a t i o n s  on the  blood system has been w e l l  s tudied.  

O u r  only objec t ive  was t o  make sure  t h a t  t h e  r e s u l t s  of our experiments i n  
t h i s  f i e l d  d i d  not  d i f f e r  from t h e  da ta  i n  the  l i t e r a t u r e .  
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Figure 7. Ef fec t  of whole-bow chronic and acute  
gamma i r r a d i a t i o n s  on hematological. ind ices  of 
r a t s .  
Along x-axis  -- t i m e ' i n  days. Along y-axis -- 
L -- leukocytes,  thousand per  1 mm3 of blood; 
E -- ery throcytes ,  mi l l i on  per  1 mm3 of blood; 
H -- hemoglobin i n  percent (Sahl i  method); 
I -- acute i r r a d i a t i o n ;  I1 -- chronic i r r a d i a t i o n .  

Conclusion 

I n  a q u a n t i t a t i v e  comparison of t h e  e f f e c t  of acute  and chronic i r r a - / i g 2  - 
d ia t ions  i n  equal  doses on t h e  conditioned r e f l exes  it w a s  demonstrated 
t h a t  t he  e f f e c t  of chronic i r r a d i a t i o n s  i n  no way i s  l e s s  than the  e f f e c t  of 
acute i r r a d i a t i o n .  

The decrease of the  conditioned r e f l exes ,  determined from t h e  change of 
t h e i r  mean monthly values,  i n  the  groups of r a t s  subjected t o  acute and chronic 
i r r a d i a t i o n s ,  revealed close agreement. The number of phase phenomena and 
o ther  impairments of higher  nervous a c t i v i t y  i n  both groups w a s  extremely close.  
Among the chronica l ly  i r r a d i a t e d  animals t he  e f f e c t  of t h e  exposure was a 
l i t t l e  more c l e a r l y  expressed than among t h e  rats subjected t o  acute i r r a d i a t i o n .  
This d i f fe rence  w a s  small ,  bu t  according t o  some ind ices  w a s  s t a t i s t i c a l l y  
r e l i a b l e .  
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A considerable d i f f e rence  between t h e  e f f e c t  of chronic and acute i r r a d i a -  
t i o n s  i s  observed on the  f irst  days a f te r  exposure. A f t e r  the  acute  i r r a d i a -  
t i o n s  i n  our experiments t he re  was a l a t e n t  per iod wi th  a dura t ion  from th ree  
t o  s i x  days ( f o r  most of t he  animals it w a s  f i v e  days) ,  during which the re  w e r e  
no appreciable  changes of conditioned reflex a c t i v i t y .  

Among the  ra ts  subjected t o  chronic i r r a d i a t i o n  t h e  l a t e n t  period t o  a l l  
i n t e n t s  and purposes w a s  absent and t h e  impairments of higher nervous a c t i v i t y  
were completely c l e a r  even on the f i rs t  days of i r r a d i a t i o n  when the  adminis- 
t e r ed  dose was f a r  lower than a f te r  acute  exposure. 

We may consider it es t ab l i shed  t h a t  f o r  t h e  doses which we used, chronic 
i r r a d i a t i o n s  cause changes of h igher  nervous a c t i v i t y  which a re  as pronounced 
as  i n  acute i r r a d i a t i o n s .  According t o  some indices ,  the impairments of higher  
nervous a c t i v i t y  among t h e  chronica l ly  i r r a d i a t e d  r a t s  were more c l e a r l y  ex- 
pressed than  f o r  acute  i r r a d i a t i o n .  

A t  the  same time t h a t  some of our experiments were made, our  group a l s o  
ca r r i ed  out  i nves t iga t ions  of the  inf luence of acute  and f r a c t i o n a l  i r r a d i a t i o n  
on the  unconditioned motor defense r e f l exes  of  a r a b b i t  (M. A. Kuznetsova) and 
t h e  inf luence of b r i e f  and prolonged i r r a d i a t i o n s  on the  e l e c t r i c a l  r e s i s t ance  
of the  b ra in  t i s s u e  of r a t s  (Z .  I. Apanasenko). 

Some of these inves t iga t ions  have been published by us j o i n t l y  (L ivsh i t s ,  
Meyzerov, Apanasenko, Kuznetsova, 1961, 1962). 

M. A. Kuznetsova (1961) demonstrated t h a t  genera l  f r a c t i o n a l  X- i r rad ia t ion  
i n  a s ing le  dose of  10 r, administered f i v e  t i m e s  per  week u n t i l  reaching a 
t o t a l  dose of 400 r, and s ing le  acute i r r a d i a t i o n  i n  t h i s  same dose, exer ted a 
similar e f f e c t  on the l a t e n t  period of t he  unconditioned defense f l e x o r  r e f l e x  
of a r a b b i t ' s  l e g .  

2 .  I. Apanasenko (1961) found t h a t  t o t a l  s ing le  gamma i r r a d i a t i o n s  i n  /193 
a dose of 600 r w i t h  a dose i n t e n s i t y  of  0.5 r/min cause sharper  changes of 
t he  e l e c t r i c a l  r e s i s t ance  of t he  cerebra l  t i s s u e s  than i r r a d i a t i o n s  wi th  a dose 
i n t e n s i t y  of 600 r/min. These da t a  were obtained by t h e  author  on the  basis  of 
s t a t i s t i c a l  da ta  wi th  good r e l i a b i l i t y  (P < 0.001). 
s t u d i e s  it could be concluded t h a t  t he  absence of  a d i r e c t  dependence between 
the damaging e f f e c t  of i r r a d i a t i o n  on the  funct ions of the nervous system and 
dose i n t e n s i t y  i s  standard f o r  the  d i f f e r e n t  p a r t s  of t he  CNS. I n  many cases 
the re  i s  a higher degree of damage of t h e  nervous system i n  the  case of i r r a -  
d i a t i o n s  wi th  a lesser dose i n t e n s i t y .  

On the  bas i s  of these  

Our experiments show t h a t  t h e  a t t enua t ion  of e f f ec t iveness  observed during 
chronic i r r a d i a t i o n s  during a d e f i n i t e  period i n  no way i s  r e f l ec t ed  i n  the  
f i n a l  r e s u l t  of t h e  exposure. The e f f e c t  of chronic i r r a d i a t i o n  i s  not  weaker 
than t h e  e f f e c t  of acute i r r a d d a t i o r  i n  t h e  same dose. 

The " rad ia t ion  memory" of t h e  higher p a r t s  of t he  CNS completely 
r a d i a t i o n  e f f e c t s ,  r ega rd le s s  of t he  degree of t h e  func t iona l  changes 
by them. 

sums the  
caused 
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G. S .  S t r e l i n  (1956, 1962) f e e l s  t h a t  t he  r a d i a t i o n  . e f f e c t s  a r e  i n  d i r e c t  
dependence on dose i n t e n s i t y  i n  t i s s u e s  having high p r o l i f e r a t i v e  a c t i v i t y ,  
because r e p a i r  processes t r a n s p i r e  i n t e n s i v e l y  i n  them. On the o the r  hand, 
t i s s u e s  wi th  weak p r o l i f e r a t i v e  a c t i v i t y  do not have the  capac i ty  f o r  r e p a i r  
of r a d i a t i o n  damage, and the  e f f e c t  of i r r a d i a t i o n s  on them does not depend on 
dose i n t e n s i t y .  This s i t u a t i o n  c l e a r l y  expla ins  the  absence of a d i r e c t  
dependence of t h e  e f f e c t  of r ad ia t ions  on the  func t ions  of the CNS on dose jh- 
t e n s i t y  and the capac i ty  of t he  nervous system f o r  complete summing of t h e '  
e f f e c t  of chronic and f r a c t i o n a l  i r r a d i a t i o n s .  However, t h i s  cannot serve as  
an explanation for t h e  more s i g n i f i c a n t  damage of t he  nervous system during 
prolonged i r r a d i a t i o n s  than  during b r i e f  i r r a d i a t i o n s .  This problem requ i r e s  
add i t iona l  i nves t iga t ion ,  both experimental and t h e o r e t i c a l .  

Our da t a  d i f f e r  from the  r e s u l t s  of i nves t iga t ions  by Hicks e t  a l . ,  1958, 
McLaurin e t  a l . ,  1955, and Berg and Lindgren, 1958. These authors discovered 
a considerably sharper damaging e f f e c t  on the  s t r u c t u r e  and func t ions  of t h e  
CNS during acute and b r i e f  i r r a d i a t i o n s  than during f r a c t i o n a l  and prolonged 
i r r a d i a t i o n s .  

This d i f fe rence  can be a t t r i b u t e d  t o  the f a c t  t h a t  we and those i n v e s t i -  
ga tors  used d i f f e r e n t  ranges of doses. I n  our experiments and t h e  experiments 
of M .  A. Kuznetsova and Z.  I .  Apanasenko sub le tha l  o r  minimum l e t h a l  doses 
were used (160, 400 and 600 r, r e spec t ive ly ) .  The authors discovered a d i r e c t  
dependence between the  e f f e c t  of i r r a d i a t i o n  on the  CNS on dose i n t e n s i t y ,  /194 
and then i r r a d i a t e d  animals i n  doses of s eve ra l  thousand r. It i s  e n t i r e l y  
probable t h a t  the key mechanisms of the r eac t ion  i n  these  ranges of doses are  
d i f f e r e n t .  I n  p a r t i c u l a r ,  it i s  extremely poss ib le  t h a t  wi th  exposure i n  high 
doses the key r o l e  i s  played by the  e f f e c t  of r a d i a t i o n s  on t h e  vascular sys- 
tem, which i s  d i r e c t l y  propor t iona l  t o  dose i n t e n s i t y  (Berg, Lindgren, 1958; 
Corp, Neal, 1959, and o t h e r s ) .  

A t  the same time, we admit t h a t  o ther  f a c t o r s  may p l a y  a r o l e .  The l i t e r a -  
t u r e  contains da t a  ind ica t ing  t h a t  t h e  p a r t s  of t h e  CNS i n  a s t a t e  of high 
func t iona l  a c t i v i t y  a re  damaged more severe ly  by ion iz ing  r a d i a t i o n  than  p a r t s  
of the CNS i n  a s t a t e  of r e s t  (Sokolova, 1962). 

In an a l e r t  animal i n  a s t a t e  of r e l a t i v e  r e s t ,  a d e f i n i t e  number 
of neurons are i n  a s t a t e  of high func t iona l  a c t i v i t y .  Therefore, i n  t h e  case 
of chronic i r r a d i a t i o n s  t h e r e  are  a g r e a t e r  number of func t iona l ly  a c t i v e  
neurons a f f ec t ed  by r a d i a t i o n  than  i n  the  case of brief i r r a d i a t i o n .  Under 
the influence of small  doses of r a d i a t i o n  the re  i s  g r e a t e r  damage t o  func t iona l -  
l y  ac t ive  neurons. With exposure t o  g r e a t e r  r a d i a t i o n  doses, such as used by 
McLaurin, Hicks, Berg and Lindgren, t h e  func t iona l  s t a t e  of t h e  neurons e x e r t s  
a smaller influence on t h e  e f f e c t  of i r r a d i a t i o n ,  because doses of seve ra l  
thousand r a l s o  damage neurons i n  a s t a t e  of low rad io res i s t ance .  
t h e s i s  was proposed by N.  N. L i v s h i t s  a t  a conference on t h e  problems of t h e  
e f f e c t  of small  doses of ion iz ing  r a d i a t i o n  on phys io logica l  func t ions  i n  1961. 

It i s  poss ib le  t h a t  wi th  s t i l l  h igher  doses (some t e n s  of thousands r )  and 

This hy-po- 

very high dose i n t e n s i t i e s  (hundreds and thousands r/min) the  key r o l e  w i l l  be 
played by o the r  mechanisms and t h e  dependence of t h e  rea.r,tion on dose i n t e n s i t y  



w i l l  become t h e  opposite (Domshlak e t  a l . ,  1959; Koznova and Khrushchev, 1960; 
Darenskaya e t  al., 1961). 

I n  such exposures t h e  e f f e c t  of i r r a d i a t i o n s  on hematopoiesis i s  a l s o  
inversely propor t iona l  t o  dose i n t e n s i t y  (Kalyayeva, 1560). 

I n  a discussion of t h e  r e s u l t s  of experiments on t h e  inf luence of chronic 
i r r a d i a t i o n s  of t he  head on t h e  higher nervous a c t i v i t y  of dogs (Livshi t s ,  
Meyzerov, 1963), s t i l l  another hypothesis w a s  expressed on the  mechanism of 
these phenomena. 

We assumed t h a t  t h e  cause of t he  r e l a t i v e l y  weak e f f e c t  on t h e  f'unctions 
of t he  higher p a r t s  of t h e  b ra in  by acute i r r a d i a t i o n s  i s  t h e  more c l e a r l y  ex- 
pressed ac t iva t ion  of compensatory mechanisms during acute  i r r a d i a t i o n s  than 
i s  the  case i n  chronic i r r a d i a t i o n s .  
mechanism together  with those mentioned above t o  be highly probable. 

We consider t h e  p a r t i c i p a t i o n  of this /195 

Such explanations a r e  preliminary, and t h i s  problem requi res  addi t iona l  
study. 

The r e s u l t s  of OUT experiments, i n  full agreement with t h e  da t a  obtained 
by Z. I. Apanasenko and M. A. Kuznetsova, show t h a t  i n  t h e  case of chronic 
i r r ad ia t ions  i n  doses which we used, t h e  s p e c i f i c  weight of t h e  func t iona l  
disrupt ions of t h e  CNS i n  t h e  general  r ad ia t ion  reac t ions  of t h e  body i s  g rea t e r  
than i n  the  case of acute i r r ad ia t ions ,  which must be taken i n t o  account i n  
occupational pathology and hygiene. 

Our conclusions, drawn on t h e  bas i s  of experiments on mimals,  coincide 
with da ta  from medical neurological  examinations of persons subjected t o  
occupational chronic i r r a d i a t i o n  i n  small  doses (Dani l in  e t  al. ,  1960; Lysina, 
1958; Kyandaryan e t  a l . ,  1960; Abuladze, 1961; Gus'kova, 1962, and o the r s ) .  

I regard it as m y  p leasant  duty t o  express s incere  appreciat ion t o  Doctor 
of Biological  Sciences N. N. L ivsh i t s  f o r  t h e  proposed theme and guidance of t h e  
work. 

Summary 

1. During chronic i r r ad ia t ion ,  reac t ions  of higher p a r t s  of t h e  CNS changed 
appreciably. After sharp impairments of t h e  higher nervous a c t i v i t y  observed on 
the  f i r s t  days of  i r r a d i a t i o n ,  t he re  was a phase of some improvement of higher 
nervous ac t iv i ty ,  desp i te  t h e  f a c t  t h a t  t h e  i r r a d i a t i o n  was continued. However, 
t h i s  temporary increase  of r e s i s t ance  exerted no inf luence on t h e  f i n a l  r e su l t  
of i r r ad ia t ion .  

2. Whole-body chronic gamma i r r a d i a t i o n  (6 r/day; t o t a l  dose 160 r) and 
whole-body acute i r r a d i a t i o n  (160 r; 85 r/min) exer ted  a similar e f f e c t  on 
the  conditioned r e f l e x  a c t i v i t y  of rats. According t o  some indices,  impairments 



of higher nervous a c t i v i t y  were more Severe i n  rats subjec ted  t o  chronic 
i r r a d i a t i o n .  Here, t h e  d i f fe rence  was  small, but  s t a t i s t i c a l l y  r e l i a b l e .  

3. The decrease of the  content of leukocytes, e ry throcytes  and hemoglobin 
i n  the per iphera l  blood was expressed far more sharp ly  i n  rats subjected t o  
acute i r r a d i a t i o n  than  i n  chronica l ly  i r r a d i a t e d  animals. 

4. I n s t h e  case of chronic i r r a d i a t i o n s  i n  the  doses which we used, the  
s p e c i f i c  weight of t he  impairments of funct ions of t he  CNS i n  t h e  r a d i a t i o n  
reac t ions  of the  body was higher  than i n  the  case of acute  i r r a d i a t i o n s .  

5 .  A hypothesis i s  presented on the  r e a s o n s ' f o r  t he  discrepancy between 
the r e s u l t s  i n  our experiments and the  data of fore ign  authors ,  obtained 
during i r r a d i a t i o n s  i n  doses of thousands of r, showing a d i r e c t  dependence 
between impairments of t he  s t r u c t u r e s  and func t ions  of t h e  CNS on dose in ten-  
s i t y .  It i s  postulated t h a t  the  key role i n  the  development of r a d i a t i o n  
damage i s  played by d i f f e r e n t  mechanisms i n  d i f f e r e n t  ranges of doses. I n  par-  
t i c u l a r ,  i n  the reac t ions  of t he  CNS t o  i r r a d i a t i o n s  i n  high doses a consider- 
able  ro l e  may be played by the vascular  f a c t o r .  A t  t h e  same time, it i s  postu- 
l a t e d  t h a t  i n  the  case of chronic i r r a d i a t i o n s  a g r e a t e r  number of func t iona l ly  
ac t ive  neurons are  subjected t o  a r ad ia t ion  e f f e c t  than  i n  the  case of b r i e f  
s ing le  i r r a d i a t i o n .  

/196 



EFFECT OF €HFiONIC GAMMA IRRADIATION ON FUNCTIONS OF THE 
VESTIBULAR ANALYZER AND THE ROLE O F  T€E TIME FACTOR 

I N  RADIATION REACTIONS OF THE NERVOUS SYSTEM 

Z. I. Apanasenko 

ABSTRACT 

Male guinea pigs  were exposed t o  prolonged gamma i r r a -  
d i a t i o n  with 500 r and a dose i n t e n s i t y  of 0.6 r/min. The 
b i o e l e c t r i c  a c t i v i t y  of extensors  of the  r ea r  extremity 
(hind l e g )  were inves t iga ted  before ,  during and a f t e r  ade- 
quate s t imula t ion  of the  ves t ibu la r  analyzer .  Survival  
r a t e ,  weight and general  c l i n i c a l  s t a t e  of the  animals 
a l s o  were s tud ied .  

Prolonged i r r a d i a t i o n  induces s t rong  and long-term 
changes of t h e  electromyographic c h a r a c t e r i s t i c s  of the  
ves t ibu lar - ton ic  r e f l ex  f o r  the  muscles of the r e a r  extrem- 
i t y .  These changes a re  g r e a t e r  and q u a l i t a t i v e l y  d i f f e r e n t  
from those induced by acute i r r a d i a t i o n  i n  the  same dose. 
All animals survived; t he  s e v e r i t y  of r ad ia t ion  s ickness  
and the  changes i n  the  per iphera l  blood are  l e s s  than a f t e r  
acute i r r a d i a t i o n .  

Information on the  inf luence of pene t ra t ing  r ad ia t ion  on the  vest ibu-  /E97 
l a r  apparatus began t o  appear i n  the  s c i e n t i f i c  l i t e r a t u r e  more than 50 
years ago. Cases of the  appearance of ves t ibu la r  d i sorders  a f t e r  chronic r a d i -  
a t ion  exposures have been noted by many c l i n i c i a n s  (Voyachek, 1910; Kurshakov, 
1954; Blagoveshchenskaya, 1956; Titov, 1957; Moskovskaya, 1958, 1959; Donato, 
1926). In  most cases  symptom complexes were observed of more o r  l e s s  c l e a r l y  
expressed l a b y r i n t h i t i s :  impairments of g a i t ,  d izz iness ,  spontaneous nystag- 
mus, op t ica l -ves t ibu lar  impairments, e t c .  

I n  experimental inves t iga t ions  it was a l s o  found t h a t  t he re  were func t iona l  
and morphological impairments i n  the  s t ruc tu res  of the  ves t ibu la r  analyzer  
a f t e r  exposure t o  pene t ra t ing  r ad ia t ion .  Among the  func t iona l  impairments were 
nystagmus of pos i t i on  and a typ ica l  de f l ec t ion  of t he  eyes (Mil 'shteyn, 1939; 
Zlotnikov, 1958); r o t a t i o n a l  movements i n  the d i r e c t i o n  of t he  in jured  laby- 
r i n t h  (Thielemann, 1929; Quas t l e r ,  1957) and appearance of spontaneous nystag- 
mus and impairment of coordination of movements and o r i e n t a t i o n  i n  space 
(Minayev, 1962; Quas t le r ,  1957, Clemente e t  a l . ,  1958). There was a change of 
the unconditioned and conditioned ves t ibu la r  r e f l exes  (Pe te l ina ,  1957, 1958), 



appearance of ves t ibu la r  a t a x i a  (Minayev, 1962) and symptoms of labyrinthectomy 
(Ewald, 1905).  .r.. 

The morphological changes a r e  a l s o  qu i t e  varied.  A s  a r e s u l t  of i r r a d i a -  
t i o n  there  were frequent  hemorrhages, minute c e l l u l a r  i n f i l t r a t i o n ,  defec ts  of t h e  
nerve f i b e r s  and degenerative changes i n  the  ves t ibu la r  Schwalbe, Deiters and 
Bechterew nucle i  (Marx, 1909; Thielemann, 1929; Khilov, 1927; Zlotnikov, (1958). 

T .  N. Mil ' shteyn (1939) observed the  appearance of an exudate under the 
membranous base of the  u t r i c l e ;  I .  A. Lopatko (1939) discovered necros is  of 
t h e  s o f t  t i s s u e s  of t h e  l abyr in th  wi th  subsequent a t rophic  changes and even 
w i t h  detachment of t he  o t o l i t h s  of t he  u t r i c l e .  

Nevertheless,  t h e  problem of t h e  inf luence of  pene t ra t ing  r a d i a t i o n  - /198 
on the func t ions  of t he  ves t ibu la r  apparatus s t i l l  remains inadequately 
s tudied.  

Few spec ia l i zed  experimental  i nves t iga t ions  have been conducted on animals. 
Avai lable  c l i n i c a l  and experimental  da t a  i n  l a rge  p a r t  are random and contra- 
d i c to ry .  For example, N.  V.  Moskovskaya (1958, 1959), under c l i n i c a l  condi- 
t i ons ,  i n  X-ray therapy f o r  malignant tumors (5,OOO-l2,000 r i n  the  region of 
t h e  neck o r  c h e s t ) ,  discovered an increase of e x c i t a b i l i t y  of t he  v e s t i b u l a r  
analyzer a t  the  t i m e  of and a f t e r  i r r a d i a t i o n .  The author  a l s o  c i t e s  t h e  
s imi l a r  r e s u l t s  of Donato (1926), obtained a f t e r  l o c a l  i r r a d i a t i o n  by X-rays. 

Exact ly  opposi te  r e s u l t s  were obtained by o the r  authors .  A. I. Ti tov  
(1957) analyzes t h e  r e s u l t s  of observat ions of ind iv idua ls  subjected t o  pro- 
longed exposure t o  pene t ra t ing  r a d i a t i o n  i n  s m a l l  doses during work wi th  
sources of ion iz ing  r ad ia t ion .  The author  notes a s u b s t a n t i a l  change of the  
normal r e l a t i o n  of sensory, somatic and autonomous reac t ions .  The r e s u l t s  were 
ambiguous, but i n  most cases  t h e r e  w a s  an i n h i b i t i o n  of vest ibular-somatic  
r eac t ions .  A decrease of t h e  values  of pos i t i ve  conditioned r e f l exes  t o  
r o t a t i o n  and t h e  appearance of phase phenomena were observed by V. V. Pe t e l ina  
(1957) a f t e r  t o t a l  i r r a d i a t i o n  of dogs wi th  400 r.  

A decrease of the  e x c i t a b i l i t y  of t he  ves t ibu la r  analyzer  was discovered 
by Yu. G .  Grigor 'yev (1962) under the  inf luence of  i r r a d i a t i o n  of the body i n  
l a rge  doses.  

A.  A. Sveshnikov and A. V. Sevan'kayev (1962, 1963, 1964) inves t iga ted  the 
threshold s e n s i t i v i t y  of t h e  semic i rcu lar  canals  t o  angular  acce le ra t ion ,  t h e  
reactance of t he  v e s t i b u l a r  analyzer  and the  charac te r  of vest ibular-somatic  
(pos t ro t a t iona l  nystagmus) and vestibular-autonomous ( r e sp i r a t ion ,  pu lse ,  

blood pressure)  r e f l exes  a f te r  i r r a d i a t i o n  of r a b b i t s  by Co 
d i f f e r e n t  doses. After adminis t ra t ion  o f  a dose of 100 r the  changes w e r e  un- 
s t a b l e  and var ied,  but  i n  most cases  t h e  reactance of t he  v e s t i b u l a r  analyzer  
was somewhat increased.  After i r r a d i a t i o n  i n  a dose of 200 r the re  w a s  a regu- 
l a r  decrease of e x c i t a b i l i t y  and t h e  r e a c t i v i t y  of t h e  v e s t i b u l a r  analyzer.  
Doses of 5OO-5OOO r l e d  t o  s t rong  depression of the  func t ions  of t h e  l abyr in th .  

60 gamma rays i n  



I n  addi t ion  t o  t h e  ambiguity, t h e  materials of d i f f e r e n t  authors  a r e  d i f -  
f i c u l t  t o  compare, because very f r equen t ly  ( e spec ia l ly  i n  c l i n i c a l  work) random 
observations are c i t ed ,  based on spontaneous ves t ibu la r  symptoms; an adequate 
dosed stimulus (except i n  t h e  s tud ie s  of Yu. G. Grigorlyev and h i s  a s soc ia t e s )  
i s  r a r e l y  used. 
ves t ibu la r  analyzer,  l ike  any o the r  system o f  t he  body, depend on the  condi- 
t i o n s  of i r r a d i a t i o n :  t he  type of r a d i a n t  energy, dose, p laces  of i t s  appl ica-  
t i on ,  dose i n t e n s i t y ,  f r a c t i o n a l  adminis t ra t ion  of i r r a d i a t i o n ,  i n t e r v a l s  f199 
between i r r a d i a t i o n ,  e t c .  The da ta  accumulated i n  the f i e l d  of radiobiology 
of t h e  organ of equi l ibr ium usua l ly  have not  been analyzed from t h i s  po in t  of 
view. I n  many s tud ie s  t h e  i r r a d i a t i o n  condi t ions are not  even ind ica ted .  A l -  
though the  dependence of r a d i a t i o n  r eac t ions  of t h e  l abyr in th  on i r r a d i a t i o n  
dose i s  mentioned i n  some s tud ie s ,  da t a  on the  inf luence of i r r a d i a t i o n  dose 
i n t e n s i t y  on the  inves t iga ted  func t ions  could not  be found i n  the  l i t e r a t u r e .  
The only pe r t inen t  t reatment  i s  the  morphological s tudy of I. A. Lopatko (1939), 
which i s  an inves t iga t ion  of  the changes i n  the  inner  e a r  i n  r e l a t i o n  t o  dose 
and i r r a d i a t i o n  method. The author  notes  t h a t  f r a c t i o n a l  i r r a d i a t i o n  i s  some- 
times more e f f e c t i v e .  

I n  addi t ion ,  it is known t h a t  r a d i a t i o n  r eac t ions  of t h e  

I n  our  e a r l i e r  i nves t iga t ions  (Apanasenko, Kuznetsova, 1964; Apanasenko, 
1964) it w a s  demonstrated t h a t  acute  gamma i r r a d i a t i o n  of guinea p igs  i n  a dose 
of 500 r wi th  a dose i n t e n s i t y  of 261 r/min l eads  t o  a depression of the  f'unc- 
t i ons  of t h e  ves t ibu la r  analyzer .  A change of t he  electromyographic charac te r -  
i s t i c s  of the  ves t ibu la r - ton ic  r e r l exes  f o r  t h e  muscles of the  r e a r  ex t r emi t i e s  
indicated a decrease of t he  r eac t ion  of the o t o l i t h i c  apparatus.  

Our s tudy included an inves t iga t ion  of t h e  c h a r a c t e r i s t i c s  of the  rad ia-  
t i o n  reac t ions  of the  ves t ibu la r  analyzer  during prolonged adminis t ra t ion  of the  

same dose of Co gamma rays .  C l a r i f i c a t i o n  of t h e  dependence of the  r a d i a t i o n  
r eac t ions  of t he  l abyr in th  on dose i n t e n s i t y  i n  our case was  found t o  be a l l  t h e  
more f e a s i b l e ,  because the  p o s s i b i l i t y  of q u a n t i t a t i v e  comparison was ensured 
by r igorous ly  i d e n t i c a l  experimental condi t ions.  
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A s  i n  t he  case of acute  i r r a d i a t i o n ,  the  work was done wi th  male guinea 
p igs  weighing 350-500 g. 

Observation of the  animals began 10-15 days before i r r a d i a t i o n .  

After e s t ab l i sh ing  s t a b l e  values f o r  t h e  inves t iga ted  parameters, t h e  

guinea p igs  were subjected t o  Co60 i r r a d i a t i o n  i n  a dose of 500 r wi th  a dose 
i n t e n s i t y  of 0.6 r/min. 
i n  the  evening and n ight  hours. The con t ro l  animals during t h i s  period were 
maintained under the  same condi t ions,  bu t  w e r e  not subjected t o  i r r a d i a t i o n .  
The examination o f  the  animals began 2-2.5 h r  a f t e r  the end of i r r a d i a t i o n  and 
then a f t e r  1, 2, 3, 5, 7, 10, 15, 20, 25 and 30 days. The cont ro l  animals were 
always inves t iga ted  i n  the  same way and a t  t h e  same times.  The experimental  
group included 12  animals and the con t ro l  group included 14. 

Continuous, almost 1 4  h r  i r r a d i a t i o n ,  w a s  always done 

The func t iona l  s ta te  of t h e  ves t ibu la r  analyzer  w a s  evaluated on the  basis 
of t he  electromyographic c h a r a c t e r i s t i c s  of the  ves t ibu lar - ton ic  reflexes f o r  



the muscles of the rear extremities. 
p l a t e  s i l v e r  e lec t rodes  from a group of  extensors .  
movie f i l m ,  using a loop osc i l lograph .  
l y  in tegra ted  wi th  a s p e c i a l l y  designed in t eg ra to r  and were expressed i n  
r e l a t i v e  u n i t s  on the  ind ica to r s  of a mechanical counter. 

The electromyograms w e r e  recorded wi th  
The recording was done on 

The electromyograms were simultaneous- 
/200 

The recording of t h e  e l e c t r i c a l  a c t i v i t y  of t h e  muscles w a s  done' f o r  t h ree  
successive 10-sec periods: 
normal pose) ,  during adequate s t imula t ion  of t he  ves t ibu la r  analyzer and 
d i r e c t l y  a f t e r  such s t imula t ion .  The t i m e  marks and the  records of the  s t imu l i  
on the f i l m s  w e r e  used t o  compute the  values of t h e  l a t e n t  period and t h e  dura- 
t i o n  of t h e  a f t e r e f f e c t  of t h e  r eac t ion  t o  the  ves t ibu la r  t e s t .  

a t  rest ( the  animal seated i n  the  chamber i n  a 

A s  an adequate v e s t i b u l a r  stimulus we used measured r o t a t i o n a l  o s c i l l a t i o n  
of t he  animal about the long i tud ina l  axis of t h e  body on a s p e c i a l  apparatus for 
a per iod  of 10 sec, wi th  a frequency of 0.6 cps and an angle of  i n c l i n a t i o n  of 
250. 

Thus, the  spec i f i c  charac te r  of t h e  s t imulus and the  se l ec t ed  t e s t s  deter-  
mined the inves t iga t ion  of the  func t ions  pr imar i ly  of t h e  o t o l i t h i c  p a r t  of 
t h e  labyr in th .  According t o  the  c l a s s i c a l  i nves t iga t ions  of Magnus (1924) , 
the i n i t i a l  cause i n  the t o n i c  cont rac t ion  of t he  muscles of t h e  ex t r emi t i e s  
i s  s t imula t ion  of t he  o t o l i t h i c  apparatus ,  and s p e c i f i c a l l y ,  the  apparatus  of 
t h e  u t r i c l e .  

I n  addi t ion  t o  the  electromyographic inves t iga t ion  of t h e  s ta te  of the  
organ of equilibrium, t h e r e  w a s  r egu la r  observat ion of t he  pe r iphe ra l  blood, 
weight, temperature, genera l  c l i n i c a l  s ta te  and su rv iva l  ra te  of t h e  animals. 

All r e s u l t s  were processed s t a t i s t i c a l l y  using the  median and d ispers ion  
(F)  t e s t s .  

A s  i n  the ea r l i e r  inves t iga t ions ,  the myogram recorded p r i o r  t o  i r r a d i a -  
t i o n  w e r e  r a t h e r  uniform and had a normal appearance: uniform f l u c t u a t i o n s  
of p o t e n t i a l  with an amplitude of 10-50 pV a t  res t ,  high-amplitude groups of 
pulses  (150-400 pV) during s t imula t ion  of t he  v e s t i b u l a r  analyzer  and a 
res idua l  increased impulsat ion i n  t h e  a f t e r e f f e c t .  The mean dura t ion  of t he  
a f t e r e f f e c t  w a s  2-4 sec; the  value of the  l a t e n t  period of t h e  electromyo- 
graphic r eac t ion  t o  ves t ibu la r  s t imula t ion  w a s  approximately 0.01-0.3 sec .  
Accordingly, the  mean i n t e g r a l  values of e l e c t r i c a l  a c t i v i t y  p r i o r  t o  i r r a -  
d i a t i o n  pe r s i s t ed  from experiment t o  experiment a t  a d e f i n i t e  s t a b l e  l e v e l  f o r  
each of t h e  th ree  inves t iga ted  periods: rest ,  r eac t ion  and a f t e r e f f e c t .  The 
observed i n s i g n i f i c a n t  f l uc tua t ions  about t h e  mean value d id  no t  exceed the  
l i m i t s  of t he  physiological  norm. 

Prolonged i r r a d i a t i o n  wi th  500 r causes a s t rong and prolonged change of 
t h e  b i o e l e c t r i c  a c t i v i t y  of  t he  inves t iga t ed  muscles, both a t  rest and a t  t he  
time of the  response r e a c t i o n  t o  v e s t i b u l a r  s t imula t ion ,  and does not  de- 
crease the  rad iobio logica l  e f f e c t  on the  inves t iga ted  ves t ibu la r - ton ic  reflex.  

I n  most cases  the  r a d i a t i o n  r eac t ions  during prolonged i r r a d i a t i o n  were 
even more considerable than  those f o r  acute  i r r a d i a t i o n .  Very f r equen t ly  /201 



Figure 1. Change of background e l e c t r i c a l  a c t i v i t y  
of muscles af ter  prolonged and acute  i r r a d i a t i o n s .  
Along x-axis -- t i m e  a f t e r  i r r a d i a t i o n ,  i n  days. 
Along y-axis -- i n t e g r a l  b i o e l e c t r i c  a c t i v i t y  of 
muscles i n  r e l a t i v e  u n i t s .  0 value represents  
mean r e l a t i v e  value of e l e c t r i c a l  a c t i v i t y  p r i o r  
t o  i r r a d i a t i o n .  1, Control; 2, acute  i r r a d i a t i o n ;  
3, prolonged i r r a d i a t i o n .  Arrow denotes day of 
i r r a d i a t i o n .  

the e f f e c t s  of b r i e f  and prolonged i r r a d i a t i o n  d i f f e r e d  from one another both 
q u a n t i t a t i v e l y  and q u a l i t a t i v e l y .  

The r e s u l t s  are analyzed on the  bas i s  of t he  values  of t h e  i n t e g r a l  myo- 
e l e c t r i c  a c t i v i t y .  For comparative purposes, w e  show t h e  e a r l i e r  recorded re- 
s u l t s  of acute i r r a d i a t i o n  with the  same dose i n  a l l  f i gu res .  The l e s s e r  
period of observat ion f o r  acute  i r r a d i a t i o n  can be a t t r i b u t e d  t o  the  f a c t  t h a t  
the experiments were in te r rupted  by the  death of t he  animals. On t h e  graphs 
we have used mean da ta  f o r  a l l  animals of each group. 

I n  the  i n i t i a l  processing of the r e s u l t s  f o r  each group we computed the  
devia t ion  from t h e  mean value of e l e c t r i c a l  a c t i v i t y  p r i o r  t o  exposure. Then 
a l l  da ta  before and a f t e r  exposure were divided by t h i s  mean group devia t ion ,  
a f t e r  which the  mean norm p r i o r  t o  the exposure was assigned a zero value, and 
the values f o r  the  days a f t e r  t he  exposure were p lo t t ed  o f f  along the y-axis  i n  
r e l a t i v e  u n i t s .  This i n i t i a l  ana lys i s  method d e t e c t s  only those changes which 
obviously exceed the  l e v e l  of the  mean value and the  mean devia t ions  from t h i s  
value p r i o r  t o  i r r a d i a t i o n .  

Figure 1 shows the  dynamics of t h e  background a c t i v i t y  of the  group of 
extensors  of the  rear extremity of guinea p igs  a f t e r  i r r a d i a t i o n .  The graph 
c l e a r l y  shows t h a t  the  changes caused by prolonged i r r a d i a t i o n  considerably ex- 
ceed i n  value the  changes which appeared a f t e r  acute  i r r a d i a t i o n  wi th  the  same 
dose. I n  addi t ion,  t h e r e  is  a completely d i f f e r e n t  d i r e c t i o n  of the  changes: 
a f t e r  acute i r r a d i a t i o n  the muscular e l e c t r i c a l  a c t i v i t y  a t  a s t a t e  of r e l a t i v e  
r e s t  decreases immediately and s tab ly ,  and a f t e r  prolonged i r r a d i a t i o n  the re  i s  
an increase of t he  background e l e c t r i c a l  a c t i v i t y  of the  inves t iga ted  muscles. 
During the e n t i r e  month-long period of pos t r ad ia t ion  observation, there  was some 
decrease of t he  curve below t h e  i n i t i a l  l e v e l  only on t h e  second day. This 
drop r e f l e c t s  t he  decrease of  myoelectric a c t i v i t y ,  which occurs i n  ha l f  
(seven guinea p i g s )  of t h e  animals on the  second-third day a f t e r  i r r a d i a t i o n .  
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Figure 2. Change a f t e r  prolonged allu acute  i r rad , ia -  
t i o n  of e l e c t r i c a l  a c t i v i t y  of muscles during stimu- 
l a t i o n  of v e s t i b u l a r  analyzer.  
i n  f i g .  1. 

Notat ions same as 

On the  remaining days the  myoelectric a c t i v i t y  a t  res t  i s  maintained a t  a high 
l e v e l .  Natural ly ,  t he re  are f luc tua t ions  of the  values of background e l ec -  
t r i c a l  a c t i v i t y  i n  the  course of t he  experimental per iod,  c h a r a c t e r i s t i c  of 
any physiological  process .  I n  most of the experimental  animals the  background 
e l e c t r i c a l  a c t i v i t y  decreases  somewhat (remaining considerably above the  con- 
t r o l  on the 15th  day a f t e r  i r r a d i a t i o n ,  but on the  20th day it increases  again.  
Approach t o  the  con t ro l  l e v e l  begins on the  25th day a f t e r  exposure. 

The observed changes are of t he  same s i g n  f o r  t h e  11 i r r a d i a t e d  animals 
(except f o r  the  changes on the  second day).  
ground e l e c t r i c a l  a c t i v i t y  remained somewhat lower than the  i n i t i a l  d a t a  from 
the second day a f t e r  i r r a d i a t i o n .  The changes were s t a t i s t i c a l l y  r e l i a b l e  
according t o  both the median and d ispers ion  tes ts .  The median increases  by 
3.2 u n i t s  i n  comparison wi th  t h e  con t ro l  and by 1.6 u n i t s  i n  comparison wi th  the  
l e v e l  of t he  experimental  group p r i o r  t o  i r r a d i a t i o n  (P < 0.01). 
s ion  ( f i g .  9) increases  g rea t ly ,  both i n  comparison wi th  the  i n i t i a l  l e v e l  
p r i o r  t o  i r r a d i a t i o n  and i n  comparison wi th  the  cont ro l  (P < 0.001). Compari- 
son with the  r e s u l t s  of acute i r r a d i a t i o n  a l s o  e s t a b l i s h e s  completely r e l i a b l e  
s t a t i s t i c a l  d i f fe rences  ( f o r  t h e  median P < 0.01; f o r  t h e  d i spe r s ion  P < 
0.001). 
u n i t s ,  and d ispers ion  increases  by a f a c t o r  of 3.75. 

Only i n  one guinea p ig ,  t he  back- 

The d isper -  

The median i n  t h e  case of  prolonged i r r a d i a t i o n  increases  by 4.46 

Figure 2 shows the p o s t i r r a d i a t i o n  change of  muscular e l e c t r i c a l  a c t i v i t y  
a t  the  t i m e  of adequate s t imu la t ion  of t he  ves t ibu la r  analyzer.  On t h e  /2O3 
first  th ree  days a f t e r  prolonged i r r a d i a t i o n  t h e  changes do no t  exceed t h e  
l i m i t s  of f l uc tua t ions  of the  con t ro l .  On these  days the  e f f e c t  v a r i e s  i n  s ign  
i n  d i f f e r e n t  animals. Beginning wi th  the  f i f t h  day, t h e  electromyographic 
r eac t ion  t o  ves t ibu la r  s t imula t ion  f a l l s  below the  norm and remains a t  t h i s  
r e l a t i v e l y  l o w  l e v e l  f o r  a long t ime. As i n  the  case of  the background e lec-  
t r i c a l  a c t i v i t y ,  the changes i n  t h e i r  charac te r  i n  t h i s  case a l s o  d i f f e r  from 
those a f t e r  acute  i r r a d i a t i o n .  The nonuniformity of t h e  r e s u l t s  and the  
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Figure 3. P o s t i r r a d i a t i o n  change of e l e c t r i c a l  ac- 
t i v i t y  of muscles i n  a f t e r e f f e c t  t o  s t imula t ion  of 
ves t ibu la r  analyzer .  Notations same as i n  f i g .  1. 

pathological  increase of t he  r eac t ion  t o  s t imu la t ion  of the  organ of equ i l ib -  
rium, c h a r a c t e r i s t i c  of t he  e f f e c t  of acute  i r r a d i a t i o n ,  a r e  absent here .  The 
r ad ia t ion  e f f e c t s  are i d e n t i c a l  f o r  a l l  animals of t he  experimental  group. The 
dispers ion f o r  t h i s  reason decreases  sharp ly  ( f i g .  9); the  median decreases  by 
two u n i t s  i n  comparison wi th  the e f f e c t  of acute  i r r a d i a t i o n .  The inf luences  
of prolonged and acute  i r r a d i a t i o n s  s t a t i s t i c a l l y  d i f f e r  r e l i a b l y  from one an- 
other  (P < 0.001). The d i f fe rences  from the  i n i t i a l  l e v e l  and from the  cont ro l  
a r e  a l s o  s t a t i s t i c a l l y  re l iab le  (P < 0.001 both wi th  respec t  t o  the  medial t e s t  
and the d ispers ion  t e s t ) .  
s ion approximately doubles. 

The median decreases  by 2.5 u n i t s ,  and the  d isper -  

Figure 3 i l l u s t r a t e s  the  e f f e c t  of prolonged i r r a d i a t i o n  on the  a f t e r e f -  
f e c t  of the  ves t ibu lar - ton ic  r eac t ion .  The e l e c t r i c a l  a c t i v i t y  of t he  in -  
ves t iga ted  extensors  of t h e  extremity i n  the  a f t e r e f f e c t  of t he  r eac t ion  t o  
ves t ibu la r  s t imula t ion  decreases  a f te r  prolonged i r r a d i a t i o n .  The e f f e c t  i s  
very prolonged. Up t o  t h e  30th day a f te r  i r r a d i a t i o n  the  curve f o r  the ex- 
perimental group i s  s i t u a t e d  considerably below t h e  cont ro l  curve. Conver- 
gence of t h e  curves of t h e  experimental  and con t ro l  groups occurs only on the  
second and t h i r d  days after i r r a d i a t i o n .  These values,  d i f f e r i n g  l i t t l e  from 
the  control ,  appeared due t o  the  presence of high myoelectric a c t i v i t y  i n  the  
individual  i r r a d i a t e d  animals on these  days, which l e d  t o  a smoothing of the 
r e s u l t s  during averaging. After the  t h i r d  day the  changes become uniform f o r  
a l l  experimental animals. The d i f fe rences  between t h e  con t ro l  and the  i n i t i a l  
l e v e l  were s t a t i s t i c a l l y  r e l i a b l e  (P < 0.001). The median decreases by th ree  
u n i t s  i n  comparison wi th  the  con t ro l  and by 3.6 u n i t s  i n  comparison wi th  the  
i n i t i a l  l e v e l  f o r  t h e  experimental  group of  animals. After i r r a d i a t i o n  
the d ispers ion  increases  by a f a c t o r  g r e a t e r  than 2. Comparison of t he  re- 
s u l t s  of the  acute  and prolonged i r r a d i a t i o n s  r evea l s  t h a t  the  l a t t e r  exceeds 
the f irst  i n  i t s  e f f ec t iveness .  The q u a l i t a t i v e  d i f fe rence  i s  i n  the  g r e a t e r  
s t a b i l i t y  and durat ion of the  changes during prolonged i r r a d i a t i o n .  The wave- 
l i k e  shape of t h e  curve c h a r a c t e r i s t i c  of acute  i r r a d i a t i o n  i s  absent i n  the  
case of prolonged i r r a d i a t i o n .  The d ispers ion  of the  values of muscular e lec-  
t r i c a l  a c t i v i t y  decreases .  
u n i t s  lower than a f te r  acute  i r r a d i a t i o n .  According t o  both s t a t i s t i c a l  c r i -  
t e r i a  the d i f fe rences  between the r e s u l t s  of t h e  two types of i r r a d i a t i o n  a r e  
r e l i a b l e  (P < 0.001). 

/204 

The median a f t e r  prolonged i r r a d i a t i o n  l i e s  1.8 

The change of the  l a t e n t  period of the  r eac t ion  t o  adequate s t imula t ion  of 
the ves t ibu lar  analyzer a f t e r  prolonged i r r a d i a t i o n  i s  shown i n  f i g u r e  4. 
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Figure 4. Change of value of l a t e n t  period of e l ec -  
tromyographic r eac t ion  t o  s t imula t ion  of ves t ibu la r  
analyzer a f t e r  prolonged and acute i r r a d i a t i o n s .  
Along y-axis  -- value of l a t e n t  period i n  r e l a t i v e  
u n i t s .  0 i s  the mean r e l a t i v e  value of l a t e n t  
period p r i o r  t o  i r r a d i a t i o n .  Remaining nota t ions  
same a s  i n  f i g .  1. 

The l a t e n t  period of t h i s  r eac t ion  i s  the same as a f t e r  acute exposure, t h a t  is ,  
it increases .  This increase has a biphase charac te r ;  it was expressed sharply 
on the f i r s t  three  days a f t e r  i r r a d i a t i o n ;  i n  the  per iod from the  5 t h  t o  the 
15th day the values a re  somewhat normalized, but a f t e r  t he  20th day the re  i s  
again an increase of the l a t e n t  period. 
of increase the delay of the response r eac t ion  t o  ves t ibu la r  s t imula t ion  a t -  
t a i n s  considerable values,  so t h a t  the  r eac t ion  t o  a l l  i n t e n t s  and purposes 
begins only with the second t e s t i n g  o s c i l l a t i o n .  Among the  e n t i r e  group of 
experimental animals there  was only one i n  which the  value of the  l a t e n t  period 
of the inves t iga ted  r eac t ion  almost d i d  no t  change a f t e r  prolonged i r r a d i a t i o n ,  
and i n  one guinea p ig  it decreased. The d i f fe rences  from the  con t ro l  were 
s t a t i s t i c a l l y  r e l i a b l e  according t o  the  d ispers ion  t e s t  ( t he  d i spe r s ion  in-  
creases by a f a c t o r  of 14, P < 0.001); t he  median changes without s u f f i c i e n t  
r e l i a b i l i t y  (P > 0.05).  
i r r a d i a t i o n  r evea l s  an i n t e r e s t i n g  d e t a i l :  
f e c t  of acute i r r a d i a t i o n  a l s o  has two peaks. However, here both peaks 
a r e  c lose toge ther  and the periods a re  of sho r t  durat ion,  but  i n  the  case of 
prolonged i r r a d i a t i o n  the "waves" seemingly a re  drawn out ,  and the per iods of 
increase and decrease of the  values t r a n s p i r e  slowly. The d ispers ion  i s  2.3 
times l e s s  than i n  the case of acute i r r a d i a t i o n .  I n  the  f i r s t  period a f t e r  
exposure ( f i r s t  10 days) ,  the e f fec t iveness  of prolonged i r r a d i a t i o n  according 
t o  t h i s  index i s  a l i t t l e  lower than the e f f ec t iveness  of acute  i r r a d i a t i o n .  
The d i f fe rence  i s  small ,  however, and does not exceed the  l i m i t s  of t r i p l e  t he  
e r r o r .  F o r ' t h i s  reason the  d i f fe rences  between the  compared groups a re  sta- 
t i s t i c a l l y  r e l i a b l e ,  according t o  the d ispers ion  tes t  (P < 0.001), and un- 
r e l i a b l e  according t o  the  median t e s t  (P C 0.05) .  

I n  ind iv idua l  animals i n  these  phases 

Comparison with the  corresponding e f f e c t  of acute  
the curve represent ing  the  e f -  /PO5 

The a f t e r e f f e c t  of the  inves t iga ted  r eac t ion  a f t e r  prolonged i r r a d i a t i o n  
( f i g .  5 )  i s  g r e a t l y  shortened, e s p e c i a l l y  from the  f i f t h  day a f t e r  i r r a d i a t i o n .  
A s  a l ready observed more than once on the bas i s  of o the r  ind ices ,  on the f irst  
three  days ( e spec ia l ly  on the  second day) there  i s  some d i f f e rence  i n  t h e  vari- 
a b i l i t y  of e f f e c t s  among d i f f e r e n t  animals. Then t h e  changes become t h e  same and 
s t a b l e .  A r e tu rn  t o  the  norm begins a f t e r  t h e , l ? t h  day, but  only p a r t i a l l y .  
Tota l  normalcy w a s  no t  observed even a month after i r r a d i a t i o n .  The d i f f e r -  
ences from the  cont ro l  were s t a t i s t i c a l l y  r e l i a b l e  according t o  the  medial t e s t  



Figure 5 .  P o s t i r r a d i a t i o n  change of a f t e r e f f e c t  of 
electromyographic r eac t ion  t o  s t imula t ion  of 
ves t ibu la r  analyzer .  
Notations same as i n  f i g .  1. 

(P < 0.001), and t h e  d ispers ion  of the values  of  the dura t ion  of t he  af teref-  
f e c t  a f t e r  prolonged exposure remains wi th in  the  l i m i t s  of f l u c t u a t i o n s  of  
t h e  cont ro l  (P > 0.05) .  
s ign i f i can t ,  compared wi th  t h e  e f f e c t  of acute  i r r a d i a t i o n .  With prolonged 
i r r a d i a t i o n  the a f t e r e f f e c t  of t he  ves t ibu la r - ton ic  r eac t ion  i s  shortened t o  a 
g rea t e r  ex ten t .  The curve represent ing prolonged exposure during the  e n t i r e  
period of observations l i e s  below the  curve represent ing the  e f f e c t  of b r i e f  
exposure. There i s  no bas i c  q u a l i t a t i v e  d i f f e rence  between the  e f f e c t s  of the  
compared methods of i r r a d i a t i o n ,  according t o  t h i s  index. R e l i a b i l i t y  of the  
d i f fe rences  between the  groups of acute and prolonged i r r a d i a t i o n s  i s  noted f o r  
both s t a t i s t i c a l  c r i t e r i a  (P < 0 .001fo rd i spe r s ion  and P < 0.05 f o r  the  /206 
median). 
durat ion of the a f t e r e f f e c t  decreases by a f a c t o r  of 2.3 as compared wi th  acute 
expo sure . 

The e f f e c t  of  prolonged r a d i a t i o n  i n  t h i s  case i s  more 

With prolonged i r r a d i a t i o n  the  d i spe r s ion  of t he  values of t he  

Thus, almost a l l  electromyographic c h a r a c t e r i s t i c s  of the  inves t iga ted  
ves t ibu lar - ton ic  r e f l e x  change more considerably a f t e r  prolonged i r r a d i a t i o n .  
Completely d i f f e ren t  r e l a t i o n s  are observed i n  comparison of su rv iva l  r a t e s  of 
t h e  animals and the r eac t ions  of the  per iphera l  blood. According t o  these  in-  
d ices ,  acute i r r a d i a t i o n  i s  more e f f e c t i v e ,  agreeing f u l l y  with the  da t a  i n  the 
l i t e r a t u r e .  Only 1 of t h e  1 0  animals survived a f t e r  acute i r r a d i a t i o n .  Death 
occurred on the  gth-14th day, w i th  manifestat ions of acute  leukopenia, r ad ia -  
t i o n  pneumonia and hemorrhages i n  the  subcutaneous t i s s u e  and i n t e r n a l  organs.  
I n  the  case of prolonged i r r a d i a t i o n  a l l  12 of t he  experimental  animals sur- 
vived; ex te rna l  c l i n i c a l  symptoms of acute  r a d i a t i o n  s ickness  were not  ob- 
served ( f i g .  6 ) .  
per iphera l  blood after i r r a d i a t i o n .  Under the  inf luence of acute  i r r a d i a t i o n  
there  i s  a sharp and s t a t i s t i c a l l y  r e l i a b l e  
of leukocytes,  c h a r a c t e r i s t i c  of acute  r a d i a t i o n  s ickness ,  beginning on the  
second-third day a f t e r  exposure. 
observed i n  many of the animals, which according t o  re ferences  i n  the  l i t e r a -  
t u r e  i s  a forerunner  of a more severe course of t he  s ickness  and an ea r l i e r  
death. I n  the  premor ta l i ty  pe r iod  t h e  number of leukocytes decreased sometimes t c  
500 and even t o  300-250 per  1 mm3 of blood. 
of leukocytes f o r  the e n t i r e  group w a s  observed i n  t h e  case of acute  

Figure 7 shows the  change of  t h e  number of leukocytes i n  the  

(P < 0.001) decrease of the  number 

On t h e  day of i r r a d i a t i o n  leukocytosis  was 

The minimum absolute  mean number 
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Figure 6. 
animals a f t e r  acute and prolonged 
i r r a d i a t i o n s .  
Along y-axis - -  percentage of surviving 
animals on 30th day a f t e r  i r r a d i a t i o n .  
1, Group subjected t o  acute i r r a d i a t i o n ;  
2, group subjected to prolonged i r r a -  
d i a t i o n .  

Diagram of su rv iva l  r a t e  of 

Figure 7. Change of t he  number of leukocytes i n  
pe r iphe ra l  bldod of animals a f t e r  prolonged and 
acute i r r a d i a t i o n s .  
Along y-axis -- number of leukocytes p e r  1 m 3  of 
blood, expressed i n  percent of mean norm (0 on 
graph) and r e l a t e d  t o  mean devia t ion  f o r  each 
group from norm p r i o r  t o  i r r a d i a t i o n .  
no ta t ions  same a s  i n  f i g .  1. 

Remaining 

i r r a d i a t i o n  on the 10 th  day and w a s  810 pe r  1 mm 3 . Prolonged i r r a d i a t i o n  a l s o  
causes a s t a t i s t i c a l l y  r e l i a b l e  (P < 0.001) decrease of t he  number of leukocytes 
i n  the  pe r iphe ra l  blood. However, t h i s  decrease never was so sharp and s i g n i f i -  
cant a s  a f t e r  acute i r r a d i a t i o n .  
gradually.  

Leukopenia of intermediate s e v e r i t y  develops 
The minimum mean q u a n t i t y  of leukocytes f o r  t h e  group i s  3650 per  
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Figure 8.  
longed and acute i r r a d i a t i o n s .  
Along y-axis -- weight, expressed i n  percent  of 
mean norm (0  on graph) and r e l a t e d  t o  mean devia- 
t i o n  f o r  each group from norm p r i o r  t o  i r r a d i a -  
t i on .  Remaining no ta t ions  same as i n  f i g .  1. 

Change of weight of animals a f t e r  pro- 

1 mm3 of blood. 
leukocytes did not  f a l l  below 2100-2250 per  1 m m 3  of  blood i n  a s ing le  animal 
of t h i s  group. The leukocytosis  on the  f irst  day a f t e r  the exposure was a l s o  
not t y p i c a l  f o r  acute i r r a d i a t i o n .  
leukocytes begins a f t e r  t he  15 th  day. The d i f fe rence  between the  e f f e c t  
of acute and prolonged i r r a d i a t i o n s  on the  c e l l  composition of t h e  per iphera l  
blood i s  s t a t i s t i c a l l y  r e l i a b l e  (P < 0.001) 

During the e n t i r e  period of the  observat ions the l e v e l  of 

Gradual normalization of the  number of /207 

The weight of animals i r r a d i a t e d  i n  l a r g e  and small dose i n t e n s i t i e s  
changes completely d i f f e r e n t l y  ( f i g .  8) .  
i s  a normal gradual increase  of weight w i th  t i m e .  The weight of acu te ly  i r r a -  
diated animals began t o  decrease from the  f i rs t  day a f t e r  i r r a d i a t i o n  and 
was maintained a t  such a low l e v e l  s i g h t  up t o  the  t i m e  o f  death.  The d i f -  
ference from the  cont ro l  was r e l i a b l e  (P < 0.001). The guinea p igs  subjected 
t o  prolonged i r r a d i a t i o n  begin a qu i t e  rap id  ga in  of weight beginning on the 
t h i r d  day. Weight increase  i s  observed t h e r e a f t e r  during the e n t i r e  exper i -  
mental per iod.  

Among the  con t ro l  guinea p igs  the re  

The dynbmics of t h e  weight of the animals a f t e r  prolonged i r r a d i a t i o n  s t a -  
t i s t i c a l l y  d i f f e r  r e l i a b l y  from the  dynamics after acute  i r r a d i a t i o n  (P < 
0.001), and t o  a l l  i n t e n t s  and purposes do not  d i f f e r  from the  con t ro l .  

C onclus ions 

These inves t iga t ions  revealed a c l e a r l y  expressed dependence of the  radio-  
b io logica l  e f f e c t s  on the  i r r a d i a t i o n  dose i n t e n s i t y .  The inf luence of the 
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so-called "time f a c t o r "  on the r a d i a t i o n  r eac t ions  of t h e  organism was es tab-  
l i s h e d  long ago i n  radiobiology. Most of t he  s tud ie s  made on t h i s  problem 
have used surv iva l  r a t e  a s  the index. Numerous inves t iga t ions  demonstrate 
t h e  d i r e c t  dependence of t h e  mor t a l i t y  of t h e  animals on the value of dose in- 
t e n s i t y  (Koznova, Glazunov, Vitushkin, 1962; Moskalev, 1961; S t r e l i n  e t  a l . ,  
1957; Brown e t  a l . ,  1960; Corp and Neal, 1959; Howard e t  a l . ,  1955; Logie e t  
a l . ,  1960; Neal, 1960; Paterson, 1944; Paterson and Thomson, 1948; Sinov and 
Lof strem, 1962; S tearner  and Tyler,  1957; Thomson and T o u r t e l l o t t e ,  1953, and 
o t h e r s ) .  However, when using l a rge  doses, small i n t e n s i t i e s  of f r a c t i o n a l  
i r r a d i a t i o n s  sometimes prove t o  be more harmful (Darenskaya e t  a l . ,  1961; 
Kalyayeva, 1958; Moskalev, 1960; Cole e t  a l . ,  1960; Mole, 1959). 

In  our study very l a r g e  r a d i a t i o n  doses were not used. The mor t a l i t y  of 
t h e  animals and the s e v e r i t y  of the r a d i a t i o n  s ickness  i n  the  case of pro- 
longed i r r a d i a t i o n  decreased considerably (time f a c t o r  > 1) , which f u l l y  
agrees wi th  the bas ic  d a t a  i n  the l i t e r a t u r e .  

With respec t  t o  the  c h a r a c t e r i s t i c s  of t h e  ves t ibu la r - ton ic  r e f l e x ,  no 
d i r e c t  ind ica t ions  on the  problem wi th  which we w e r e  concerned could be found 
in  the l i t e r a t u r e .  I n  the  p a s t  decade s t u d i e s  have appeared which a re  devoted 
t o  inves t iga t ion  of t he  e f f e c t  of d i f f e r e n t  r a d i a t i o n  dose i n t e n s i t i e s  on a 
number of physiological and morphological ind ices  (Kozlova, 1960; Grayevskaya, 
Keylina, 1955; Fastyuchenko, Varshavskiy, 1957; Ronichesvskaya, 1959; S t r e l i n ,  
Galkovskaya, 1961; S t r e l i n ,  1962; Moskalev, 1960; Quastler e t  al. , '1959; 
Baum and Kimelsdorf , 1957; Cole e t  a l .  , 1958). 

Despite such a v a r i e t y  of s tud ie s ,  l i t t l e  a t t e n t i o n  has been given t o  t h e  
influence of the "time f a c t o r "  on the  r a d i a t i o n  r eac t ions  of the nervous sys- 
tem. The ind iv idua l  ava i l ab le  f a c t s  are cont rad ic tory  and were obtained 
under d i f f e r e n t  experimental conditions.  McLaurin e t  a l .  (1955) used monkeys 
i n  an inves t iga t ion  of t he  occurrence and s e v e r i t y  of pa ra lys i s ,  t h e  r a t e  
of passage of nerve pulses  through the  s p i n a l  cord and b i o e l e c t r i c  cu r ren t s  

of the sp ina l  cord during i t s  l o c a l  i r r a d i a t i o n  by Ta 182 
there  i s  a d i r e c t  dependence of the inves t iga ted  r eac t ions  on the  r a t e  of ad- 
min i s t r a t ion  of the dose; the magnitude of t he  dose w a s  of secondary impor- 
t a n c e .  The d i r e c t  influence of t h e  "time f a c t o r "  on the  morphological and 
phys io logica l  changes i n  the CNS a f t e r  t o t a l  i r r a d i a t i o n  of mice and r a t s  was 
a l s o  de tec ted  by Hicks, Wright and Seigh (1956). However, i n  these  s t u d i e s  
very l a r g e  r a d i a t i o n  dose i n t e n s i t i e s  (thousands and even t ens  of thousands r)  
were used, and the re fo re  it i s  impossible t o  compare our r e s u l t s  w i th  these  
inves t iga t ions .  

/2O9 

It was found t h a t  

The dependence between dose i n t e n s i t y  (from 0.013 t o  7.5 r / s e c )  and the 
dura t ion  of the i r r a d i a t i o n ,  a t  which a depression of t he  b i o e l e c t r i c  a c t i v i t y  
of t he  ce reb ra l  cor tex  can be observed i n  r a b b i t s ,  was inves t iga ted  by A. B. 
Tsypin and Ya. G .  Grigor 'yev (1960). The changes a p p a r e d  e a r l i e r  and were 
more sharply expressed f o r  l a r g e  dose i n t e n s i t i e s  ( t o  a c e r t a i n  l i m i t ) .  

With respec t  t o  t h e  magnitude of t h e  doses used and the d i r e c t i o n  of t h e  
influence of t h e  time f a c t o r ,  our work i s  s imi l a r  t o  the l abora to ry  inves t iga-  
t i o n s  of N.  N. L i v s h i t s .  During f r a c t i o n a l  and chronic i r r a d i a t i o n s  of dogs 



i n  sub le tha l  and minimum l e t h a l  doses (300-450 r )  it w a s  found t h a t  t he re  i s  a 
discrepancy between the d e t e r i o r a t i o n  of conditioned reflex a c t i v i t y  and the 
s e v e r i t y  of r a d i a t i o n  s ickness .  I n  f r a c t i o n a l  and chronic i r r a d i a t i o n s  the 
c o r t i c a l  a c t i v i t y  of animals w a s  i n ju red  t o  an equal  degree o r  even somewhat 
more s t rongly  than  during acute i r r a d i a t i o n s .  The impairment of higher nervous 
a c t i v i t y  a t  the  t i m e  of slow i r r a d i a t i o n s  was c l e a r l y  expressed, although the  
c l i n i c a l  manifestat ions of r a d i a t i o n  s ickness  could be absent  (Livshi t s ,  1956, 
1961). 
high s e n s i t i v i t y  of the  ce reb ra l  cor tex  t o  f r a c t i o n a l  and chronic i r r a d i a t i o n s .  
With respec t  t o  e f f ec t iveness ,  such i r r a d i a t i o n s  w e r e  equiva len t  t o  acute  ir- 
rad ia t ion  and f r equen t ly  even exceeded it. 

Ye. S .  Meyzerov (1959, 1962), using dogs and rats,  demonstrated the  

Similar  r e s u l t s  were a l s o  obtained by M. A. Kuznetsova (1961) i n  an in- 
ves t iga t ion  of t he  l a t e n t  period of t he  unconditioned defense f l e x o r  r e f l ex  i n  
r a b b i t s .  The p o s s i b i l i t y  of t he  occurrence of severer  impairments i n  h igher  
nervous a c t i v i t y  during f r a c t i o n a l  i r r a d i a t i o n  w a s  a l s o  mentioned i n  a review 
by A. V .  Lebedinskiy and Z.  G .  Nakhi l 'n i tskaya (1960). 

Our ea r l i e r  s tudy  (Apanasenko, 1961) was devoted t o  the  change of t he  
r a d i a t i o n  reac t ions  of t h e  CNS during prolonged i r r a d i a t i o n .  It was demon- 
s t r a t e d  t h a t  prolonged i r r a d i a t i o n  (600 r t o t a l l y )  changes the  dynamics of the 
e l e c t r i c a l  conduct ivi ty  of the  ce reb ra l  cor tex  of ra t s  t o  a g r e a t e r  degree f210 
than acute i r r a d i a t i o n .  The mor t a l i t y  and the  s e v e r i t y  o f  the  r a d i a t i o n  
sickness i n  t h i s  case decrease sharply.  

The group of s tud ie s  mentioned above was ca r r i ed  out under d i f f e r e n t  r a -  
d i a t i o n  condi t ions ( f r ac t iona l ,  prolonged, chronic i r r a d i a t i o n ) .  This c i r -  
cumstance makes it poss ib le  t o  assert  w i th  g r e a t  assurance t h a t  i n  the  case of 
suble tha l  and mininum l e t h a l  i r r a d i a t i o n  doses f o r  t he  r a d i a t i o n  r eac t ions  of 
the CNS t he re  i s  ins tead  a c h a r a c t e r i s t i c  inverse dependence on i r r a d i a t i o n  
dose in t ens i ty .  There i s  no a t tenuat ion  of t he  damaging e f f e c t  of r a d i a t i o n  
on the nervous system with an increase  of exposure. Our r e s u l t s  f u l l y  agree 
wi th  t h i s  s i t ua t ion :  t h e  inves t iga ted  c h a r a c t e r i s t i c s  of the ves t ibu la r - ton ic  
r e f l e x  i n  almost a l l  cases  change more i n  the  case of i r r a d i a t i o n  with a l o w  
dose i n t e n s i t y  ( t a b l e  1). 

The observations of R.  G. Golodets (1964) are i n d i r e c t  confirmation of the  
g rea t  s e n s i t i v i t y  of the  ves t ibu la r  analyzer  t o  the  e f f e c t  of low- in tens i ty  
rad ia t ion .  The author  notes  t h a t  the  c l i n i c a l  examinations of physicians and 
X-ray technicians f r equen t ly  revea l  the  presence of ves t ibu la r  and o p t i c a l -  

muscular tone, disarrangements of t he  s t a t i c  and locomotor coordinat ion) .  
This i s  the  most c h a r a c t e r i s t i c  phenomenon i n  the  sphere of impairments of the 
animal nervous system i n  t h e  case of  chronic i r r a d i a t i o n  ( the dose was 3-10 
times g rea t e r  than the  admissible va lue) .  

ves t ibu lar  impairments (dizziness ,  nystagmoid twitching, decrease of /211 

We already have mentioned cases of t h e  occurrence of l a b y r i n t h i t i s  accom- 
panying radiotherapy. 

An inves t iga t ion  by Berge and Lindgren (1938) completely disagrees  wi th  
these c l i n i c a l  observat ions and the  r e s u l t s  of our work. The authors  discovered 
acce lera t ion  of t he  appearance of neurological  symptoms ( the most f requent  of 
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TABLE 1. SOME RESULTS OF COMPARING THE EFFECTS OF ACUTE AND PROLONGED 
IRRADIATIONS. 

Index 

B ioe lec t r i c  a c t i v i t y  
of muscles a t  r e s t  

B ioe lec t r i c  a c t i v i t y  
of muscles a t  time 
of adequate stimu- 
l a t i o n  of vestibu- 
l a r  analyzer 

B ioe lec t r i c  a c t i v i t y  
of muscles i n  a f -  
t e r e f f e c t  of reac- 
t i o n  t o  adequate 
s t imula t ion  of 
ves t ibu la r  
analyzer 

myoele c tri c rea  c - 
t i o n  t o  adequate 
s t imula t ion  of 
ves t ibu la r  
analyzer 

Duration of a f t e r e f -  
f e c t  of myoelec- 
t r i c  r eac t ion  t o  
adequate st imula- 
t i o n  of ves t ibu la r  
analyzer 

Latent period of 

Quanti t a t i ve 1 y 

Acute 

Less than 

More than  

Le s s than 

Nearly 
i d e n t i c  a 1  

L - s s  than  

Prolonged 

More than 

Less than 

More than  

Nearly 
i d e n t i c a l  

More than 

Quali t a t  i ve ly 

Acute 

De e re  ase  

Increase 
Changes 
va r i ab le ,  
l a r g e  
s c a t t e r  
Wavelike 
f l u c t u a t i o n s  
about zero 
l e v e l  

Increase  
Rapid 
changes 

De ere ase 

Prolonged 

Increase 

Decrease 
Changes of 
same type, 
small  
s c a t t e r  
Decrease 

Increase 
Slow 
changes 

De crease 

these i s  ves t ibu la r - ce rebe l l a r  impairments) wi th  an increase  of t h e  r a t e  of ad- 
min i s t r a t ion  of t he  dose. i n  the case of d e f i n i t e  s m a l l  r a t e s  (adminis t ra t ion  
of dose i n  12 or 30 days) ,  t h e r e  were no ves t ibu la r - ce rebe l l a r  impairments a t  
a l l .  The cont rad ic t ion  apparent ly  can be a t t r i b u t e d  t o  t h e  f a c t  t h a t  i n  t h i s  
case as  w e l l  very l a r g e  doses of l o c a l  f r a c t i o n a l  i r r a d i a t i o n  (2100-9500 r on 
the head) were used. 
acute and prolonged i r r a d i a t i o n  on the  parameters of t h e  ves t ibu la r - ton ic  
r e f l e x  mer i t s  a t t e n t i o n .  According t o  nea r ly  a l l  i nves t iga t ed  ind ices ,  the 
r eac t ion  t o  prolonged i r r a d i a t i o n  not  only was g r e a t e r  i n  magnitude, bu t  a l s o  
had a q , u a l i t a t i v e l y  d i f f e r e n t  charac te r  ( t a b l e  1). The q u a l i t a t i v e  d i f f e rence  
was expressed both i n  the  d i r e c t i o n  of t h e  e f f e c t s  and i n  the  s p e c i f i c  char- 
a c t e r i s t i c s  of t h e i r  dynamics. I n  t h e  case of i r r a d i a t i o n  wi th  a low in ten-  
s i t y ,  beginning on the t h i r d - f i f t h  days a f t e r  exposure t h e r e  are cha rac t e r i s -  
t i c  prolonged s t a b l e  changes wi th  small f l u c t u a t i o n s  and a smaller s c a t t e r  of 

Our observation of a q u a l i t a t i v e l y  d i f f e r e n t  e f f e c t  of 
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Figure 9.  
s ion  of values of inves t iga ted  parameters after 
acute and prolonged i r r a d i a t i o n s .  
Along y-axis - -va lue  of F f a c t o r  i n  thousands. 
1, E l e c t r i c a l  a c t i v i t y  of muscles i n  s t a t e  of r e l a -  
t i v e  r e s t ;  2, e l e c t r i c a l  a c t i v i t y  of muscles a t  
time o f  r e a c t i o n  t o  adequate s t imu la t ion  of t h e  
ves t ibu la r  analyzer; 3, e l e c t r i c a l  a c t i v i t y  of 
muscles i n  a f t e r e f f e c t  of r eac t ion  t o  adequate 
s t imula t ion  of ves t ibu la r  analyzer;  4, l a t e n t  
period of t h i s  reac t ion ;  5 ,  dura t ion  of a f t e r e f -  
f e c t  of t h i s  reac t ion ;  a ,  control ;  b, acute  i r r a -  
d ia t ion ;  c, prolonged i r r a d i a t i o n .  

Diagram of values of F f a c t o r  of d i spe r -  

data  than i n  the  case of acute  i r r a d i a t i o n .  For t h i s  reason the d ispers ion  of 
t h e  readings f o r  t h e  inves t iga ted  parameters i n  the  case of prolonged i r r a d i a -  
t i o n  usua l ly  i s  considerably less than the  d i spe r s ion  f o r  acute  i r r a d i a t i o n .  
Figure 9 i l l u s t r a t e s  the decrease of t he  F d i spe r s ion  f a c t o r  for prolonged 
i r r a d i a t i o n  f o r  a l l  inves t iga ted  indices ,  except the  background myoelectric 
a c t i v i t y .  The func t iona l  s t a t e  of the  ves t ibu la r  analyzer  by no means i s  the  
only determining f a c t o r  f o r  t he  muscular e l e c t r i c a l  a c t i v i t y  in a s t a t e  of 
r e l a t i v e  r e s t .  A s  a r e s u l t ,  somewhat d i f f e r e n t  p a t t e r n s  of behavior may occur 
here.  

On t h e  f i rs t  two-three days a f t e r  i r r a d i a t i o n  the re  i s  some i n s t a b i l i t y  
of the  changes, and sometimes t h e i r  s ign  i s  d i f f e r e n t  f o r  ind iv idua l  animals. 
This phenomenon can be a t t r i b u t e d  t o  the  ind iv idua l  c h a r a c t e r i s t i c s  of the  
body and the  d i f f e r e n t  rate of  the  i n i t i a l  r eac t ions  a f t e r  adminis t ra t ion  of 
t h e  e n t i r e  r ad ia t ion  dose. 
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It i s  i n t e r e s t i n g  t h a t  the decrease of t he  s c a t t e r  of da t a  during Slow 
( i n  comparison with acu te )  i r r a d i a t i o n  a l ready  w a s  mentioned i n  a study by /212 
Paterson (1944), who inves t iga t ed  the  r a d i a t i o n  r eac t ions  of a t i s s u e  cul-  
t u r e  i n  v i t r o .  The author gave no ana lys i s  and explanation of t h i s  phenomenon. 
We found no o ther  mention of such e f f e c t s .  There a re  no s p e c i a l  i nves t iga t ions  
of the q u a l i t a t i v e  d i f f e rences  i n  t h e  e f f e c t  of acute and prolonged i r r a d i a -  
t i o n s .  We could f ind only ind iv idua l  random comments on t h i s  problem. 
Quastler e t  a l .  
epithelium q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  depends on the  i r r a d i a t i o n  dose 
i n t e n s i t y .  Yu.  I. Moskalev (1960) pointed oufu t h a t  i n  t h e  case of i n j u r y  by 
rad ioac t ive  i so topes  the i r r a d i a t i o n  i n t e n s i t y  e x e r t s  an influence on l i f e t ime  
and the blastmogenic e f f e c t  i n  r a t s ,  both q u a n t i t a t i v e l y  and q u a l i t a t i v e l y .  
We observed a q u a l i t a t i v e l y  d i f f e r e n t  p i c tu re  of the e l e c t r i c a l  r e s i s t ance  of 

(1959) noted t h a t  the r eac t ion  t o  i r r a d i a t i o n  of t h e  i n t e s t i n a l  

t he  b ra in  f o r  d i f f e r e n t  dura t ions  of i r r a d i a t i o n  .(Apanasenko, 1961). /213 

Vacek (1962), using mice, inves t iga ted  the  change of t he  genera l  l e v e l  of 
oxygen consumption a f t e r  i r r a d i a t i o n .  
oxygen consumption increased t o  140 percent,  but wi th  a dose i n t e n s i t y  of 
195 r/min it decreased t o  60 percent .  
t i o n s  the important r o l e  of the CNS i n  the occurrence of t h i s  e f f e c t .  After 
neurotomy of t he  s p i n a l  cord the oxygen consumption did not change, r ega rd le s s  
of the i r r a d i a t i o n  dose i n t e n s i t i e s  used. It i s  poss ib le  t h a t  t he  nerve sys- 
tem, sensing acute and prolonged i r r a d i a t i o n s  as q u a l i t a t i v e l y  d i f f e r e n t  
s t i m u l i ,  i s  responsible f o r  the occurrence of q u a l i t a t i v e l y  d i f f e r e n t  r a d i a t i o n  
r eac t ions .  The mechanism of' both q u a l i t a t i v e  and q u a n t i t a t i v e  influence of 
i r r a d i a t i o n  dose i n t e n s i t y  on the  response r eac t ions  of t h e  body s t i l l  i s  not 
e n t i r e l y  c l e a r .  There a r e  numerous theo r i e s ,  hypotheses and explanations on 
the mechanism of the  time f a c t o r  e f f e c t ,  although the key role of the  type of 
metabolism and r e p a i r  process i n  some form i s  recognized by a l l  radiobiolo- 
g i s t s  (Luchnik, 1956; Aglintsev, 1960; Koznova, 1959; Nuzhdin e t  a l . ,  1959; 
Domshlak e t  a l . ,  1959; S t r e l i n ,  Shmidt, 1957; Koznova, Khrushchev, 1960; 
Evans, E l l i s  e t  a l . ,  1944; Mole, 1957; Luc i l l e ,  Du Sau l t ,  1956; S tearner ,  
Tyler, 1957, 1962; Logie e t  a l . ,  1960, and many o t h e r s ) .  

With a dose i n t e n s i t y  of 98 r/min the 

It i s  s i g n i f i c a n t  t h a t  t h e  author men- 

The key l i n k  determining the  f i n a l  e f f e c t  of i r r a d i a t i o n  is  t h e  r e l a t i o n  
between the charac te r  of metabolism of a p a r t i c u l a r  system and the r a d i a n t  
energy applied t o  it. The i r r a d i a t e d  body may be regarded a s  a system of 
balance between the damaging and r e s t o r a t i v e  processes (Maurer, Minder, 1960). 
A. V .  Lebedinskiy and Yu. I. Moskalev (1960) proposed a r igorous  d iscr imina t ion  
between r e s t o r a t i v e  processes proper ( r e s t o r a t i o n  of t h e  i n i t i a l  i r r a d i a t e d  
s t r u c t u r e s )  and the  phenomenon of compensation of i r r e v e r s i b l y  impaired proc- 
esses  by o ther  undamaged systems of t h e  body. Such compensation apparent ly  can 
be conceived of i n  the  form of both morphological and func t iona l  replacement 
of the in jured  s t r u c t u r e .  

The balance between damage and r e s t o r a t i o n  obviously w i l l  be d i f f e r e n t  ( i n  
the case of s ing le  i r r a d i a t i o n )  f o r  a c t i v e l y  regenerating and nonregenerating 
t i s s u e s  ( S t r e l i n ,  1959). Differences can be expected both i n  the  degree of t he  
i n i t i a l  damage and i n  t h e  f i n a l  r a d i a t i o n  e f f e c t s .  The i n i t i a l  damage of poor- 
l y  regenerating t i s s u e s ,  which inc ludes  nerve t i s s u e ,  can be l e s s  than  i n  t is-  
sues wi th  high mi to t i c  a c t i v i t y .  However, these t i s s u e s  remain damaged f o r  a 



long time; the  r e s t o r a t i o n  processes  i n  them a re  very slow. 
t i o n  dose i s  of the  g r e a t e s t  importance here,  not  the i n t e n s i t y  of the  expo- 
sure .  The " t i m e  f a c t o r "  i n  such systems f requent ly  e x e r t s  no inf luence on the  
r e s u l t  of the  i r r a d i a t i o n .  However, it would be inco r rec t  t o  speak of a 
complete nondependence of r a d i a t i o n  r eac t ions  of nonregenerating t i s s u e s  
on the  i r r a d i a t i o n  time parameter. I n  the  case of such t i s s u e s  it i s  not i m -  
possible t h a t  there  i s  func t iona l  compensation, t h e  r ad iovu lne rab i l i t y  of 
morphological s t r u c t u r e s  poss ib ly  depending on t h e  "time f ac to r . "  I n  addition, 
there  apparent ly  a re  s t i l l  some o ther  p o s s i b i l i t i e s  f o r  the exe r t ion  of a 
d i r e c t  or inverse influence of t he  dura t ion  of exposure on the  r ad ia t ion  e f -  
f e c t  i n  poorly regenerat ing t i s s u e .  

The t o t a l  rad ia-  

/214 

I n  p a r t i c u l a r ,  f o r  an inverse dependence of r ad ia t ion  reac t ions  of the 
nervous system on i r r a d i a t i o n  dose i n t e n s i t y  it i s  poss ib le  t o  pos tu la te  the  
following. 

1. A c h a r a c t e r i s t i c  of the  nervous system i s  i t s  high func t iona l  ac t iv -  
i t y .  
(Sokolova, 1962; and o the r s )  can be the  cause of the  inverse inf luence of the  
time f a c t o r  on r ad ia t ion  reac t ions .  With lengthening of the  exposure the re  
i s  an increase of the  p o s s i b i l i t y  of damage of a l t e r n a t e l y  ac t ive  func t iona l  
u n i t s  (Livshi ts ,  1961). 

The g rea t e r  r a d i o s e n s i t i v i t y  of a c t i v e l y  funct ioning s t r u c t u r e s  

Such an i n t e n s i f i e d  vu lne rab i l i t y  of t h e  funct ioning neurons could be 
one of the  causes f o r  t he  increase of t he  e f f ec t iveness  of prolonged i r r a d i a -  
t i o n  on the  ves t ibu la r  r eac t ions .  Such mechanisms apparent ly  a l s o  a re  mani- 
fes ted  i n  the  case of a c t i v e l y  funct ioning mitochondria (Hug, Wolf, 1956) and 
i n  a number of o ther  cases .  

2. In  the  process of exposure there  can be a change i n  the  charac te r  of 
metabolism i n  the  i r r a d i a t e d  system. The end of t he  i r r a d i a t i o n  o r  the  l a s t  
f r a c t i o n a l  adminis t ra t ions of r ad ia t ion  may f a l l  on a sens i t i zed  subs t r a t e  
and exe r t  g rea t  damaging e f f e c t ;  prolonged i r r a d i a t i o n  i s  more e f f e c t i v e .  
This type of change of t h e  exchange of nucleoproteins i s  a t t r i b u t e d  by N.  A. 
Poryadkova (1956) t o  the  inverse inf luence of the  time f a c t o r  during the  i r r a -  
d i a t ion  of germinating pea seeds. This phenomenon may a l s o  occur i n  the 
rad ia t ion  reac t ions  of the  nervous system. However, metabolism a l s o  may 
change i n  the d i r e c t i o n  of g r e a t e r  rad iores i s tance ;  then a small  i r r a d i a t i o n  
dose i n t e n s i t y  i s  less harmful (Kallman, 1958; Stearner ,  Taylor, 1962; and 
o the r s ) .  

the 
case 

3. High i r r a d i a t i o n  dose i n t e n s i t y ,  under c e r t a i n  conditions,  s t imula tes  

acute i r r a d i a t i o n  may be l e s s  harmful (S t r e l in ,  Shmidt e t  a l . ,  1957; 
pro tec t ive  fo rces  of the  body, t h a t  i s ,  mobilizes i t s  reserves .  I n  t h i s  

Mole, 1959). 
compensation, may we l l  be character ized by such p a t t e r n s  of behavior (L ivsh i t s ,  
Meyzerov, 1963). 

The nervous system, wi th  i t s  broad c a p a b i l i t i e s  of func t iona l  

4. V .  N. Chernyshev ( c i t ed  i n  Koznova, 1959) a t t r i b u t e s  the  l e s s e r  e f fec-  

This process t r ans -  1215 
t iveness  of l a rge  dose i n t e n s i t i e s  ( p a r t i c u l a r l y  i n  cases of b r i e f  exposures) 
t o  the  process of recombination of ions and r a d i c a l s .  
p i r e s  more r ap id ly  i n  cases of high ion iza t ion  dens i ty  which occur a t  t he  
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t i m e  of  more intense exposures. There are fewer free ions  and r ad ica l s ,  and 
the  chemical e f f e c t  of t h e  r a d i a t i o n  decreases.  I n  the  case of s m a l l  dose 
i n t e n s i t i e s ,  the value of recombination can be neglected; t he  e f f e c t  i s  de te r -  
mined by the  dose.  
prolonged i r r a d i a t i o n  could occur only t o  an i n s i g n i f i c a n t  degree, s ince  w e  
d id  not use high r a d i a t i o n  i n t e n s i t i e s .  

I n  our case such a mechanism of g r e a t e r  e f f ec t iveness  of 

5 .  I n  addi t ion  t o  these  mechanisms, t he  inverse inf luence of t he  time 
f a c t o r  on r a d i a t i o n  e f f e c t s  may be based on the  func t iona l  p rope r t i e s  of  t h e  
nervous system i t s e l f .  

For example, it can be pos tu la ted  t h a t  prolonged exposure exhausts the 
nervous system t o  a g r e a t e r  degree; the per iods of rests between exposures 
a re  shortened (Livshi t s ,  1961). The p r i n c i p a l  nerve processes  weaken and 
malfunctions of nervous a c t i v i t y  are manifested more s t rongly .  

I n  addi t ion ,  it i s  not impossible t h a t  r ad ia t ion  of d i f f e r e n t  i n t e n s i t y  
may be sensed by the  nervous system as q u a l i t a t i v e l y  d i f f e r e n t  s t imu l i ,  
which may cause q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  d i s s i m i l a r  responses. This 
hypothesis,  which we expressed i n  1961, i n  our opinion i s  confirmed by the  
r e s u l t s  i n  t h i s  paper. 

The surmation of p r o t e c t i v e  and conditioned i n h i b i t i o n  (Lebedinskiy, 
Nakhi l 'n i tskaya,  1960), in tens i fy ing  the  main neura l  processes,  m a y  exe r t  a 
favorable influence on higher nervous a c t i v i t y  i n  the  ear ly  s t ages  a f t e r  
i r r a d i a t i o n .  Under c e r t a i n  condi t ions t h i s  phenomenon may ins tead  occur 
during the  course of exposure t o  g r e a t e r  i r r a d i a t i o n  i n t e n s i t y .  

A t  t h i s  t i m e  it i s  impossible t o  make a p rec i se  determinat ion of t h e  
mechanism of the  inverse  inf luence  of t he  t i m e  f a c t o r  on the  r a d i a t i o n  reac-  
t i o n s  of t he  nervous system. 

The e f f e c t  probably i s  determined by the  i n t e r a c t i o n  of  s eve ra l  mechan- 
i s m s .  The r eac t ions  of t h e  nervous system t o  the  e f f e c t  of d i f f e r e n t  s t i m u l i  
( including i r r a d i a t i o n )  are exceedingly var ied .  

Some c h a r a c t e r i s t i c s  of t hese  r eac t ions  should be based on t h e  unusual ly  
high func t iona l  a c t i v i t y  and f l e x i b i l i t y  of t h e  nervous system. 

With respec t  t o  the  d i r e c t i o n  of t he  func t iona l  changes of  t he  ves t ibu la r  
analyzer a f t e r  i r r a d i a t i o n ,  the  r e s u l t s  i nd ica t e  a depression of  t he  func t ions  
of t h e  o t o l i t h i c  apparatus .  I n  the  presence of an appreciable  q u a l i t a t i v e  
d i f f e rence  i n  the  dynamics of r a d i a t i o n  e f f e c t s ,  both prolonged and acute  ir- 
r a d i a t i o n  suppress the  occurrence of ves t ibu lar -chronic  r e f l exes  t o  t h e  muscles 
of the  ex t remi t ies .  The muscular r eac t ion  t o  v e s t i b u l a r  s t imula t ion  after 
prolonged i r r a d i a t i o n  weakens even t o  a g r e a t e r  degree than  a f t e r  acute  /216 
i r r a d i a t i o n ;  increases  of e l e c t r i c a l  a c t i v i t y  a t  t h e  t i m e  of  v e s t i b u l a r  
s t imula t ion  no longer  occur; t h e  e l e c t r i c a l  a c t i v i t y  i n  the  a f t e r e f f e c t  of  t h i s  
s t imula t ion  is  l e s s ;  and the  a f t e r e f f e c t  i t s e l f  w a s  s h o r t e r  t han  i n  t h e  case of 
acute i r r a d i a t i o n .  The decrease of  t h e  f u n c t i o n o f  t h e  organ of equilibrium 
a f t e r  prolonged i r r a d i a t i o n  has  a s t a b l e  and prolonged charac te r .  Our d a t a  



agree with the  r e s u l t  of those authors  who a f t e r  i r r a d i a t i o n  discovered a de- 
crease of t he  e x c i t a b i l i t y  and r e a c t i v i t y  of the Ves t ibu lar  analyzer (Ti tov,  
1957; Pe te l ina ,  1957; Grigor 'yev, 1962; S-van'kayev, 1963; Sveshnikov and 
Sevan'kayev, 1962). 

It should be noted t h a t  the  t e s t i n g  samples wi th  which these  authors  
worked ( r o t a t i o n  wi th  acce lera t ion ,  c a l o r i c  and o the r  c l i n i c a l  t es t s )  pr imar i ly  
involved the  semic i rcu lar  canals.  The t e s t  which we used pr imar i ly  caused 
s t imulat ion of the  o t o l i t h i c  apparatus.  The l a b y r i n t h  re f lexes ,  which we en- 
countered i n  our case,  are r e l a t e d  t o  the  s e n s i t i v e  spo t s  of t he  u t r i c l e  
(Magnus, 1924).  
s t ruc tu res  of the v e s t i b u l a r  analyzer ( o t o l i t h s  and semic i rcu lar  cana ls )  
change t h e i r  funct ions i n  the  same d i r e c t i o n  under t h e  inf luence of penetra-  
t i n g  r ad ia t ion .  

The agreement of t he  r e s u l t s  i s  an ind ica t ion  t h a t  both bas ic  

Contrary t o  the  genera l  charac te r  of the  changes, there  i s  an increase of 
the background e l e c t r i c a l  a c t i v i t y  of t he  inves t iga t ed  muscles a f t e r  prolonged 
i r r a d i a t i o n .  Analysis of t h i s  phenomenon involves  s p e c i a l  d i f f i c u l t i e s ,  
s ince  t h i s  r eac t ion  - -  t on ic  stress of the  muscles i n  a s ta te  of  r e l a t i v e  
res t  -- i s  simultaneously involved wi th  seve ra l  analyzing systems: motor, 
ves t ibu lar ,  propriocept ive,  skin,  e t c .  It i s  poss ib le  t h a t  the  observed e f f e c t  
( increase of e l e c t r i c a l  a c t i v i t y  of t he  muscles i n  a s t a t e  of r e l a t i v e  r e s t  
and decrease of t he  r eac t ion  t o  ves t ibu la r  s t imula t ion)  i s  evidence of some 
d i f fe rences  i n  the  d i r e c t i o n  of the  r a d i a t i o n  r eac t ions  on the  p a r t  of d i f f e -  
r e n t  analyzers .  

summary 

1. Prolonged i r r a d i a t i o n  of guinea p igs  by Co60 i n  a dose of  500 r and dose 
i n t e n s i t y  of 0.6 r/min causes a s t a t i s t i c a l l y  r e l i a b l e  increase of the  spon- 
taneous e l e c t r i c a l  a c t i v i t y  of t he  extensors  of t h e  r e a r  extremity i n  a s t a t e  
of r e l a t i v e  r e s t .  

2. The b i o e l e c t r i c  r eac t ion  of  the ind ica ted  muscles, i n  response t o  ade- 
quate s t imula t ion  of t h e  ves t ibu la r  apparatus,  decreases  under the  inf luence 
of prolonged i r r a d i a t i o n .  The l a t e n t  period of t h i s  r eac t ion  increases  and t F e  
a f t e r e f f e c t  i s  g r e a t l y  shortened. 

3. A l l  changes are s t a t i s t i c a l l y  r e l i a b l e  and very prolonged. Normal-/217 
i z a t i o n  of the ind ices  i s  noted only on the  25th-30th day a f te r  i r r a d i a t i o n .  

4. I n  most cases  prolonged i r r a d i a t i o n  changes the  inves t iga ted  charac- 
t e r i s t i c s  of  the  ves t ibu lar - ton ic  reflex t o  a g r e a t e r  degree than the  same dose 
of acute i r r a d i a t i o n  ( inverse  inf luence of t h e  " t i m e  f ac to r " ) .  

5 .  The d i f fe rence  between t h e  e f f e c t s  of acute  and prolonged i r r a d i a t i o n s  
on the inves t iga ted  parameters f requent ly  i s  q u a l i t a t i v e  as w e l l  as quant i ta -  
t i v e .  A d i f f e r e n t  d i r e c t i o n  i s  observed i n  the  e f f e c t  of these forms of 
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i r r a d i a t i o n  ( f o r  example, background e l e c t r i c a l  a c t i v i t y ,  r eac t ion  to vest ibu-  
l a r  s t imula t ion) ,  and a s p e c i a l  s t a b i l i t y  of e f f e c t s  i s  observed from t h e  
t h i r d - f i f t h  aay a f t e r  prolonged exposure. The d ispers ion  of t h e  r e s u l t s  i n  
the  case of prolonged i r r a d i a t i o n  i s  considerably less  than  the  d ispers ion  f o r  
acute i r r a d i a t i o n .  

6. According t o  hematological indices,  t h e  g r a v i t y  of r a d i a t i o n  
s ickness ,  and survival rate of t h e  animals, prolonged i r r a d i a t i o n  i s  l e s s  
e f f e c t i v e  than acute i r r a d i a t i o n  ( d i r e c t  inf luence of the  " t i m e  f ac to r " ) .  



COMBINED EFFECT OF D O U B U  EXPOSUKE TO VIBRATION AND CHRONIC 
IRRADIATION ON THE FUNCTIONAL STATE O F  THE 

VESTIBULAR APPA€tATUS 

Z. I. Apanasenko 

ABSTRACT 

Guinea p igs  were exposed t o  combined twofold v ibra t ion  
(15 min before and a f t e r  i r r a d i a t i o n )  and prolonged gamma 
i r r a d i a t i o n  i n  a dose of 500 r and dose r a t e  of 0.6 
r/min. 
r ea r  ex t remi t ies  before, during and a f t e r  adequate st imula- 
t i o n  of the  ves t ibu la r  analyzer was s tudied .  The surv iva l  
r a t e ,  number of leukocytes i n  the  per iphera l  blood, weight 
and general  c l i n i c a l  s t a t e  of t he  animals were inves t iga ted .  

The e f f e c t  of v ibra t ion  changes the  r ad ia t ion  e f f e c t s  
on the electromyographic c h a r a c t e r i s t i c s  of the ves t ibu lar -  
ton ic  r e f l exes .  These changes were most s i g n i f i c a n t  during 
the first days a f t e r  the exposure. However, the e f f e c t s  of 
prolonged i r r a d i a t i o n  a re  less  affected by v ibra t ion  than 
the s imi la r  e f f e c t s  of acute i r r a d i a t i o n .  The number of 
c e l l s  i n  the  per ipheral  blood, weight dynamics, general  
c l i n i c a l  s t a t e  and surv iva l  r a t e  of animals subjected t o  such 
combined exposure have no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f -  
ference from the  corresponding parameters f o r  prolonged 
i r r a d i a t i o n  alone. 

The b i o e l e c t r i c  a c t i v i t y  of the  extensors  of the 

The combined e f f ec t  on the  body exerted by i r r a d i a t i o n  and f ac to r s  of a 
nonradiation character  i s  discussed i n  r a t h e r  numerous s c i e n t i f i c  investiga-/218 
t i ons .  However, i n  most cases a study has been made of the  j o i n t  e f f e c t  of 
i r r a d i a t i o n  and mechanical traumas, burns and loss of blood (Blinov, 1958; 
Aleksandrov e t  a l . ,  1962; Gamaleya e t  a l . ,  1939; Zurabashvili  e t  a l . ,  1958; 
Kovalenko, 1958; Kruk, 1960; Sokolov, 1956; Vargunina, 1962; Golubentsev and 
Shevyreva, 1960; S t r e l i n ,  1962; Suvorov, Saakov, 1960; Beloborodova e t  a l . ,  
1962; Bondina e t  a l . ,  1958; Movsesyan, 1960; Pushnitsyna, 1957, 1962; Ryumina, 
1962, and o the r s ) .  
s t a t e  of shock, e f f e c t  of an explosive wave, inf luence of high o r  low tempera- 
t u r e s  with a physical  o r  func t iona l  load (Aleksandrova, Selivanova, 1963; 
Bondarenko, 1961; Vayl I ,  Sarkisov, 1959; I1 'inskaya, Astakhova, 1959; 
Kevleshvili  e t  a l . ,  1959; Markelov, 1961; Mushina, 1958; Popov e t  a l . ,  1960; 
Topuriya e t  a l . ,  1959, and o the r s ) .  These combined e f f e c t s  usua l ly  l e d  to a 
mutual increase of the  damaging e f f e c t  of t he  seve ra l  components. I n  

I n  a number of s tud ie s  i r r a d i a t i o n  was combined with a 
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ind iv idua l  cases the re  w a s  decrease of the damaging e f f e c t  o r  more rapid 
normalization of t h e  impaired funct ions.  The bas ic  d a t a  accumulated i n  the  
s c i e n t i f i c  l i t e r a t u r e  on the  combined effect  of r a d i a t i o n  and these  nor rad ia t ion  
f a c t o r s  have been general ized i n  corresponding reviews (Khromov, 1959; 
Sokolova, 1962; L ivsh i t s ,  1964, and o t h e r s ) ,  and add i t iona l  ana lys i s  i s  not  
required.  

There has been inadequate s tudy of t h e  problem of the j o i n t  e f f e c t  of 
i r r a d i a t i o n  and such dynamic f a c t o r s  as overloads and v ib ra t ion .  There are 
only a f e w  s tud ie s  on t h e  combined inf luence of r a d i a t i o n  and acce le ra t ion  on a 
cent r i fuge  or v ib ra t ion  on t h e  l i v i n g  organism. Taylor (1960) inves t iga ted  the 
j o i n t  e f f e c t  exer ted on a r a t  by i r r a d i a t i o n  i n  a dose of 600 r and 7 min 
acce le ra t ion  on a centr i fuge wi th  acce le ra t ion  of 20 g. The d i f f e rences  i n  the 
su rv iva l  rate of t he  i r r a d i a t e d  animals and t h e  animals subjected t o  j o i n t  
e f f e c t s  were not ev?'.dent. S imi la r  r e s u l t s  were a l s o  obtained i n  another  study, 
i n  which r a t s  were subjected t o  acce le ra t ion  on a cent r i fuge  immediately - /2 lg  

o r  19 days a f t e r  Co60 i r r a d i a t i o n  (Lyle, 1961). 

Acceleration on a cent r i fuge  a t  t h e  t i m e o f  i r r a d i a t i o n  (Ivanov e t  a l . ,  
1962) led t o  an i n s i g n i f i c a n t  increase of the l i fe t ime of t he  ra ts ,  i n  com- 
par ison with the l i fe t ime of animals subjected only t o  i r r a d i a t i o n  (dose 1000 
r ) .  
5 min a f t e r  exposure and l a t e r  a r e l a t i v e l y  lesser decrease of weight i n  the  
animals subjected t o  combined f a c t o r s .  

It was a l s o  noted t h a t  t he re  was a d i f fe rence  i n  the  number of leukocytes 

With respec t  t o  the  inf luence of v ib ra t ion  on r a d i a t i o n  e f f e c t s ,  u n t i l  
r e c e n t l y  the  only known study has been t h a t  of A. N. Ganshina (1961). On t h e  
basis of her  i nves t iga t ions  t h e  author  concludes t h a t  v ib ra t ion  considerably 
i n t e n s i f i e s  the  pathomorphological e f f e c t  of acute  i r r a d i a t i o n  (400 r ) ;  the  
e f f e c t  of f r a c t i o n a l  (100 r x 4) r a d i a t i o n  i s  e s s e n t i a l l y  t h e  same. Recently 
a s e r i e s  of s tud ie s  devoted t o  the  j o i n t  e f f e c t  of v ib ra t ion  and i r r a d i a t i o n  on 
some func t ions  of the  CNS have been ca r r i ed  out  i n  the  l abora to ry  of  N. N. 
L ivsh i t s .  It was demonstrated t h a t  v ib ra t ion  considerably changes the  i n f l u -  
ence of acute i r r a d i a t i o n  on oxida t ion  processes i n  the  b r a i n  t i s s u e  
(Luk'yanova, 1964c), on the  value of the  l a t e n t  period of t he  unconditioned 
passive defense motor reflex (Kuznetzova, 196413) and on the  func t iona l  s ta te  of 
the ves t ibu la r  analyzer  (Apanasenko, 1964b). Fur ther  development of t h i s  type 
of work i s  p a r t i c u l a r l y  important i n  connection wi th  the  successes of rocket  
technology and a s t ronau t i c s .  Under space f l i g h t  condi t ions v ib ra t ion  i s  one 
of t he  bas i c  dynamic f a c t o r s .  The inf luence of t h i s  f a c t o r  on the  body (both 
sepa ra t e ly  and i n  combination wi th  o t h e r  agents)  should be thoroughly s tudied.  
On the o ther  hand, space f l i g h t  imposes increased demands on t h e  nervous system 
of t h e  cosmonaut, and i n  p a r t i c u l a r ,  on the funct ioning of t h e  v e s t i b u l a r  
analyzer.  

W e  found no inves t iga t ions  of t h e  combined effect  of v i b r a t i o n  and irrad-ia- 
t i o n  on the  ves t ibu la r  apparatus  i n  the  ava i l ab le  l i t e r a t u r e .  I n  our  ear l ie r  
s tudy (Apanasenko, 1964b) it w a s  demonstrated t h a t  under the  j o i n t  in f luence  of 
twofold v ib ra t ion  and acute  i r r a d i a t i o n  (500 r) t h e  inf luence of v i b r a t i o n  
f requent ly  i s  dominant i n  the  change of t h e  func t ions  of  t he  ves t ibu la r  
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apparatus of guinea p igs .  
sometimes r i g h t  up t o  the  very death of the  animals. 

Vibration masks the damaging e f f e c t  of r ad ia t ion ,  

It i s  known t h a t  the  r e s u l t  of the j o i n t  e f f e c t  of two f a c t o r s  on the  
l i v i n g  organism should depend on the  dose and on the  condi t ions of exposure t o  
each f a c t o r .  

The object ive of our study i n  p a r t  w a s  i nves t iga t ion  of t he  j o i n t  e f f e c t  
on the ves t ibu la r  apparatus exer ted by twofold v ib ra t ion  and prolonged i r r a -  
d i a t ion .  It was es tab l i shed  t h a t  a decrease of t h e  i n t e n s i t y  of the dose 
of i r r a d i a t i o n  does not decrease,  but  f r equen t ly  even increases  the e f f i -  
ciency of the  e f f e c t  of r ad ia t ion  on the  nervous system (Livshi t s ,  1956, 1961, 
1964; Meyzerov, 1964; Apanasenko, 1961). I n  t h i s  connection it i s  of i n t e r e s t  
t o  compare the  e f f e c t  of acute and prolonged i r r a d i a t i o n s  i n  combination with 
an i d e n t i c a l  form of v ibra t ion .  The p o s s i b i l i t y  of such a comparison was en- 
sured by the  t o t a l  i d e n t i t y  of the  remaining experimental conditions i n  the  
s tud ie s  with acute and prolonged i r r a d i a t i o n s .  
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The experiments were conducted on male guinea pigsweighing 350-500 g. After 
s t a b i l i z a t i o n  of the values f o r  t he  inves t iga ted  parameters (10-15 days) the 
animals were subjected t o  a 15 min v ib ra t ion  wi th  a frequency of 70 cps and an 
amplitude of 0.4 mm. 
body i r r a d i a t i o n  i n  a dose of 500 r with a dose i n t e n s i t y  of 0.6 r/min, t h e  
durat ion of the exposure was 13 h r  54 min. 
end of the  i r r a d i a t i o n  the  animals were subjected t o  repeated v ib ra t ion  under 
the  same condi t ions as  p r i o r  t o  i r r a d i a t i o n .  Fur ther  i nves t iga t ion  of the 
animals was made 1, 2, 3, 5, 7, 10, 15, 20, 25 and 30 days a f t e r  such combined 
exposure. The cont ro l  guinea p igs  were always inves t iga ted  a t  the same times. 
The experimental group consis ted of 1 2  animals; the  cont ro l  group consis ted of 
14. The func t iona l  s t a t e  of the  ves t ibu la r  analyzer  was evaluated on the  
bas i s  of electromyographic c h a r a c t e r i s t i c s  of the  ves t ibu la r - ton ic  r e f l e x  f o r  
t he  muscles of the  r e a r  ex t remi t ies .  The methods f o r  recording the e l e c t r o -  
myograms, adequate s t imula t ion  of the equi l ibr ium organ and processing of the  
r e s u l t s  have already been described i n  the  a r t i c l e  on the  inf luence of pro- 
longed i r r a d i a t i o n  on the funct ion of the ves t ibu la r  analyzer  (pp. 194-195). 

After  20-30 min they were subjected t o  prolonged whole- 

Approximately 2-2.5 h r  a f t e r  the 

I n  addi t ion  t o  the  electromyographic inves t iga t ion  of the s t a t e  of the 
equilibrium organ, allowance was made f o r  the  number of leukocytes i n  the  
per iphera l  blood, weight, body temperature, genera l  c l i n i c a l  condi t ion and 
survival  r a t e  of the  animals. 

As i n  t he  e a r l i e r  s tud ie s ,  the va r i a t ions  of the values of a l l  parameters 
p r i o r  t o  exposure did not  exceed the  l i m i t s  of physiological  normality. 

The r e s u l t s  of combined exposure on the  c h a r a c t e r i s t i c s  of t h e  ves t ibu la r -  
t on ic  r e f l ex  a re  analyzed on the bas i s  of the  mean i n t e g r a l  values of the 
e l e c t r i c a l  a c t i v i t y  of the  inves t iga ted  group of muscles. For comparative pur- 
poses, a l l  f i g u r e s  show data  on groups of animals subjected t o  the e f f e c t  of 
vibrat ion alone (1.5 guinea p igs)  and prolonged i r r a d i a t i o n  alone (12 guinea 
P igs)  
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Figure 1. Change of background e l e c t r i c a l  a c t i v i t y  
of group of extensors  of r e a r  extremity ( l e g )  a f t e r  
d i f f e r e n t  types of exposure. 
Along x-axis  -- time a f t e r  exposure i n  days. Along 
y-axis -- t o t a l  e l e c t r i c a l  a c t i v i t y  of muscles i n  
percent of mean norm (on graph mean norm i s  assigned 
0 value) and r e l a t ed  t o  mean devia t ion  f o r  each 
group from norm p r i o r  t o  exposure. 1, Control; 
2, group subjected t o  combined exposure; 3, vibrated 
group; 4, i r r a d i a t e d  group; 5 ,  curve f o r  guinea p ig  
which d ied .  Arrows designate  days of exposure. 

I n  a s t a t e  of r e l a t i v e  r e s t  ( t he  animal i s  seated i n  a normal pose),  the 
spontaneous b i o e l e c t r i c  a c t i v i t y  of the inves t iga ted  muscles increases  con- 
s iderably  a f t e r  combined exposure ( f i g .  1). 
n i f i c a n t  during the  f i r s t  10  days; by the  15th day after exposure the  back- 
ground e l e c t r i c a l  a c t i v i t y  of t he  muscles decreases,  but  without reaching 
the  cont ro l  l e v e l .  On t h i s  day the  value of t he  background myoelectric 
a c t i v i t y  decreases i n  comparison with the  t e n t h  day i n  a l l  animals of the  ex- 
perimental  group. I n  ha l f  the  animals the l e v e l  of the  muscular e l e c t r i c a l  
a c t i v i t y  decreases below the zero value.  After the  15th  day the  spontaneous 
myoelectric a c t i v i t y  again increases  somewhat, and slowly decreases l a t e r ,  
never the less  remaining a t  a high l e v e l  even a month a f t e r  t h e  combined exposure. 
The d i f fe rence  from the cont ro l  was r e l i a b l e  both on the  bas i s  of the  d isper -  
s ion t e s t  (P < 0.001) and on the  bas i s  of the  median t e s t  (P < 0.001). The 
median increases  by 4.2 u n i t s  and the  d ispers ion  increases  g r e a t l y .  
described charac te r  of t he  changes of the  e l e c t r i c a l  a c t i v i t y  of t he  i n v e s t i -  
gated muscles i n  a s t a t e  of r e l a t i v e  r e s t  w a s  observed i n  a l l  animals of t h i s  
group, with one exception. The only guinea pig which died a f t e r  t he  combined 
exposure (on the  16 th  day) up t o  the very time of i t s  death revealed a s teady  
decrease of the background myoelectric a c t i v i t y .  Only on the  day of the  death 
d i d  the spontaneous e l e c t r i c a l  a c t i v i t y  increase g r e a t l y  and considerably 
exceed the zero l e v e l  ( f i g .  1). 

The changes were paJ?tiCularly s ig -  
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The 

In  comparing the  e f f e c t  of j o i n t  exposure and the r e s u l t s  of t he  separate  
e f f e c t  of v ib ra t ion  and i r r a d i a t i o n ,  t he re  i s  a c l e a r l y  d i sce rn ib l e  dominant 
inf luence of v ib ra t ion  i n  the  combined e f f e c t  during t h e  f irst  five days. I n  
t h i s  period, during the  j o i n t  exposure, t he  changes have the  same d i r e c t i o n  and 
approximately the s'ame order  of magnitude as with v ib ra t ion  alone. After the  
f i f t h  day the inf luence of v ib ra t ion  i s  a l ready  expressed t o  a somewhat l e s s e r  
degree,  although it s t i l l  remains r a t h e r  s i g n i f i c a n t .  



and 
of 

Beginning the t e n t h  
combined exposure are 

prolonged i r r a d i a t i o n  

day the  curves represent ing  the  e f f e c t  of v i b r a t i o n  
si tuated below t h e  curve represent ing  t h e  e f f e c t  & 

alone.  The values of t he  changes during combined expo- 
sure  f requent ly  occupy an intermediate  p o s i t i o n  between the r e s u l t s  of t h e  
separate  e f f e c t  of the  ind iv idua l  components. On t h e  f i f t h  and seventh days 
a f t e r  exposure the  e f f e c t s  of t he  components seemingly are p a r t i a l l y  summed. 
On the  second day, according t o  the  l i t e r a t u r e  (Ryumina, 1960; Suvorov, Saakov, 
1960), t he re  i s  t h e  i n t e r e s t i n g  phenomenon of i n t e n s i f i c a t i o n  of the  e f f e c t  of 
one component and t h e  opposi te  e f f e c t  of t h e  o the r .  On t h i s  day the  background 
e l e c t r i c a l  a c t i v i t y  of t h e  muscles increases  a f t e r  v ibra t ion ,  a f t e r  i r r a d i a t i o n  
it decreases somewhat, and a f te r  combined exposure it increases  fax more s t rong ly  
than a f t e r  v ib ra t ion  alone. 

We note the  f a c t  of coincidence of t h e  dynamics of changes during the  com- 
bined exposure and during prolonged i r r a d i a t i o n .  T n i t i a l l y  wi th  a small time 
displacement, and then  without  it, the  curve f o r  combined exposure dupl ica tes  
t h e  shape of the  curve of prolonged i r r a d i a t i o n  a t  a somewhat d i f f e r e n t  l e v e l  
up t o  the  25th day. Being the  r e s u l t  of t he  complex i n t e r a c t i o n  of the  e f f e c t s  
of v ibra t ion  and i r r a d i a t i o n ,  t he  combined inf luence on t h e  background e l e c t r i c a l  
a c t i v i t y  of t he  inves t iga ted  muscles with r e spec t  t o  t h e  d i spe r s ion  t e s t  d i f -  
fers r e l i a b l y  from the  separa te  inf luence of both v ib ra t ion  and i r r a d i a t i o n  
( the  d ispers ion  increases ,  P < 0.001). With respec t  t o  the  median tes t ,  no 
r e l i a b l e  d i f fe rences  are observed between t h e  r e s u l t s  of t he  compared types of 
exposure (P > O.O5), s ince  t h e  inf luence of both v ib ra t ion  and i r r a d i a t i o n  on 
the p a r t i c u l a r  index i s  unambiguous, and the  r e s u l t  of  t he  combined exposure f r e -  
quently occupies a median pos i t i on  between them. I n  t h i s  case the  median in-  
creases by one u n i t  i n  comparison wi th  t h e  e f f e c t  of r a d i a t i o n  and almost coin- 
c ides  with the  median value of the  v ib ra t ion  e f f e c t .  

I n  a comparison of the  two types of combined exposure (Apanasenko, 1964b) we 
note t h a t  the  e f f e c t  of prolonged i r r a d i a t i o n  changes somewhat less  under the  
influence of v ib ra t ion  than  the e f f e c t  of  acute  i r r a d i a t i o n .  The dynamics of 
t h e  changes conform f u l l y  t o  the inf luence of prolonged i r r a d i a t i o n .  The d i f -  
ference between the  two types o f  combined exposure i s  s t a t i s t i c a l l y  r e l i a b l e  on 
the bas i s  of the  d i spe r s ion  t e s t  ( f o r  combination wi th  prolonged i r r a d i a t i o n  
the dispers ion i s  g r e a t e r  P < 0.001) and i s  un re l i ab le  on the  b a s i s  of t he  
median t e s t  ( the  median f o r  combination wi th  prolonged i r r a d i a t i o n  i s  g r e a t e r  
by 1 . 2  u n i t s  P > 0.05). The e l e c t r i c a l  a c t i v i t y  of t he  inves t iga ted  muscles 
during the  t i m e  of adequate s t imula t ion  of  t h e  equi l ibr ium organ ( f i g .  2) de- 
creases a f t e r  combined exposme. Changes begin from the  f i r s t  day and with 
wavelike var ia t ions ,  p e r s i s t  t o  t he  25th day a f t e r  exposure. The e f f e c t  i s  
v e r y  s t a b l e  and unambiguous f o r  a l l  animals of t h i s  group. Even f o r  t h e  
guinea p ig  which died the  changes had t h e  same charac te r ,  bu t  were some- 
what smaller i n  value than f o r  t h e  o the r  animals. Difference from the con- 
t r o l  w a s  r e l i a b l e  wi th  r e spec t  t o  t h e  median tes t  (P < 0.001). 
posure the  median decreases  by 3.4 u n i t s  i n  comparison wi th  the  con t ro l  and by 
4.2 u n i t s  i n  comparison with t h e  i n i t i a l  l e v e l .  
does not  d i f f e r  from t h e  con t ro l  (P > 0.05) .  
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After combined ex- 

The value of the  d ispers ion  

The i l l u s t r a t i o n  shows t h a t  on the  f i r s t  f i v e  days, as i n  the  case of 
background e l e c t r i c a l  activity, t h e  inf luence  of v ib ra t ion  predominates i n  t h e  
e f f e c t  of t h e  combined exposure. I n  t h i s  period t h e  pure ly  r a d i a t i o n  effect  s t i l l  
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Figure 2. Change a f t e r  d i f f e r e n t  types of exposure 
observed i n  e l e c t r i c a l  a c t i v i t y  of muscles a t  t i m e  
of adequate s t imula t ion  of ves t ibu la r  analyzer .  
Notations same as i n  f i g .  1. 

i s  not c l e a r  and the  changes almost do no t  exceed the  l i m i t s  of the  cont ro l .  
However, the  curve fo r  combined exposure almost merges wi th  t h e  curve re- 
f l e c t i n g  the e f f e c t  of v ibra t ion .  However, by the  seventh day t h e  inf luence  
of r a d i a t i o n  begins t o  be manifested more c l e a r l y  i n  the  combined ef fec t .  The 
curves of these  two types of agents  ( j o i n t  and i r r a d i a t i o n  alone)  approach and 
a r e  then almost of the  same shape, in te r twin ing  wi th  one another  i n  wavelike 
fashion.  On the  25th day the  e f f e c t  of combined and separa te  exposure converge: 
a gradual  r e t u r n  t o  normal begins.  Here, as i n  a s ta te  of re la t ive  res t ,  there  
i s  a s i m i l a r i t y  of t he  dynamics of muscular e l e c t r i c a l  a c t i v i t y  a f t e r  i r r a d i a -  
t i o n  alone and a f t e r  combined exposure. U n t i l  t h e  t e n t h  day t h e  curves of these  
agents have a very s imi l a r  form; l a t e r  t he  shape of t h e  curves i s  dupl ica ted ,  
but  w i th  a time displacement. Thus, a c l e a r  inf luence of v ib ra t ion  on the  
r a d i a t i o n  e f f e c t ,  wi th  r e spec t  t o  t h i s  index, i s  observed only on the  f i rs t  
f i v e  days a f t e r  exposure. The r e s u l t  of the  j o i n t  exposure d i f f e r s  r e l i a b l y  
from the  r e s u l t s  of i r r a d i a t i o n  alone (P < 0.05 f o r  the  median t e s t  and 
P < 9.001 for the  d ispers ion  t e s t )  and v ib ra t ion  alone (P < 0.001 f o r  t h e  
median t e s t ) .  I n  t h e  combined exposure t h e  median of t h e  changes decreases by 
1 .3  u n i t s  i n  comparison with t h e  value of t h i s  index f o r  v ib ra t ion  and by 0.9 
u n i t  f o r  i r r a d i a t i o n .  

This i nd ica t e s  t h a t  the  center  of  d i s t r i b u t i o n  of t he  changes a f te r  combined 
exposure i s  somewhat c lose r  t o  t h i s  value a f t e r  i r r a d i a t i o n  than  a f t e r  
v ib ra t ion .  

A s  might be expected; t he  e f f e c t  of combined exposure t o  v i b r a t i o n  and pro- 
longed i r r a d i a t i o n  d i f f e r s  from the  e f f e c t  of combined exposure t o  v i b r a t i o n  
and acute i r r a d i a t i o n .  I n  the  l a t t e r  case the re  i s  a r e l a t i v e l y  g r e a t e r  
nondependence on the  inf luence  of r ad ia t ion .  The g r e a t e s t  d i f fe rence  i n  
the  r e s u l t s  of  these  two types of combined exposure occurs i n  t h e  pe r iod  from t h e  
second t o  the  seventh day (Apanasenko, 1964b). I n  t h e  case of thecombined ef fec t  
of v ib ra t ion  and prolonged i r r a d i a t i o n  (on the  e l e c t r i c a l  a c t i v i t y  of t h e  
muscles during ves t ibu la r  i r r i t a t i o n ) ,  t he  median of t h e  changes decreases  by 
2.7 u n i t s  i n  comparison wi th  t h i s  index under the  inf luence of a combination of 
v ib ra t ion  and acute i r r a d i a t i o n  (P < 0.001). The d i spe r s ion  of t h e  values  of 
t h e  changes i n  t h i s  case decreases  by a f a c t o r  of 6.3 (P < 0.001). 
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I n  t h e  a f t e r e f f e c t  of the  myoelectric r eac t ion  t o  ves t ibu la r  i r r i t a t i o n  
( f i g .  3 )  t h e  e l e c t r i c a l  a c t i v i t y  of t h e  extensors  of t he  rear  extremities 
a f t e r  a combined exposure a l s o  decreases .  This decrease i s  not  very  g r e a t  and 



Figure 3. Changes a f te r  d i f f e r e n t  types  of exposure 
observed i n  e l e c t r i c a l  a c t i v i t y  of muscles i n  af ter-  
e f f e c t  of r eac t ion  t o  adequate s t imula t ion  of t he  
ves t ibu la r  analyzer .  
Notations same as i n  f i g .  1. 

has a wavelike character .  The lowest l e v e l  of e l e c t r i c a l  a c t i v i t y  i s  a t t a ined  
by the 15 th  day; a gradual  r e t u r n  t o  normal i s  observed a f t e r  t he  25th day. 
On the  f i r s t  day a f t e r  exposure i n  th ree  animals t he re  was some increase of 
myoelectric a c t i v i t y  i n  the  a f t e r e f f e c t  of t he  inves t iga ted  ves t ibu la r - ton ic  
reac t ion .  Later t h e  e f f e c t  was the  same f o r  a l l  animals. The difference from 
the cont ro l  and from t h e  i n i t i a l  da t a  was s t a t i s t i c a l l y  r e l i a b l e  (P < 0.001 
f o r  both tes t s ) .  
creases  by a f a c t o r  of 4.2. 

The median decreases by 2.6 u n i t s  and the  d i spe r s ion  in -  

Both the  charac te r  of t h e  changes i n  t h e  a f t e r e f f e c t  themselves and t h e i r  
r e l a t i o n  t o  the  e f f e c t s  of separa te  exposure t o  v ib ra t ion  and i r r a d i a t i o n  are 
very similar t o  those observed during the  r e a c t i o n  t o  ves t ibu la r  i r r i t a t i o n .  
On the  f i rs t  th ree  days the changes i n  t h i s  case a l s o  almost completely dupl i -  
cate  t he  v ib ra t ion  e f f ec t s .  Bowever, a l r eady  from the  f i f t h  day the inf luence 
of r a d i a t i o n  begins t o  predominate i n  t h e  e f f e c t  Of combined exposure. The 
e f f ec t  of v ib ra t ion  s t i l l  i s  appreciable  and a t  times the  e f f e c t  of j o i n t  ex- 
posure seemingly approaches the  v ib ra t ion  e f f e c t  f l 0 ,  20 days),  but on the  
whole the  curve of t h e  combined effect  l i e s  c lose  t o  t h e  c u v e  represent ing  t h e  
r e s u l t  of i r r a d i a t i o n .  
sure  i s  s i tua t ed  1.3 u n i t s  lower than the  median of the changes a f te r  
v ibra t ion  (P < 0.01) and only 0.4 u n i t  higher  than a f t e r  a s ing le  i r r a d i a t i o n  
(P > 0.05) .  
fers r e l i a b l y  from the  r e s u l t s  of the separa te  e f f e c t  of both components 
(P < 0.001). 
as g r e a t  as f o r  i r r a d i a t i o n  alone and four  t i m e s  g r e a t e r  than f o r  v ib ra t ion  
alone. 

The median of the  changes during the  combined expo- /225 

According t o  the  d ispers ion  t e s t  the  r e s u l t  of combined exposure d i f -  

I n  t h e  case of combined e q o s u r e  t h e  d ispers ion  of values i s  twice 

Analysis of t he  co l lec ted  da ta  makes it poss ib le  t o  conclude t h a t  i n  the  
e f f e c t  of combined exposure t o  v i b r a t i o n  and prolonged i r r a d i a t i o n  t h e  inf luence  
of r ad ia t ion  i s  manifested ea r l i e r  and t o  a somewhat g r e a t e r  degree than i n  t h e  
e f f e c t  Of combined exposure t o  v i b r a t i o n  and acute  i r r a d i a t i o n  (Apanasenko, 196.413). 
The median of changes during the  combination of v ib ra t ion  wi th  prolonged i r r a -  
d i a t i o n  is  2.2 u n i t s  lower than i n  the  case of combination of v ib ra t ion  wi th  
acute  i r rad ia t . ion  (P < 0.001). 
both kinds of combined exposure i s  almost i d e n t i c a l  (P > 0.05). 

The d ispers ion  of t he  values of the  changes f o r  

Figure 4 shows t h e  change of the  l a t e n t  period of myoelectric r eac t ion  i n  
response t o  adequate i r r i t a t i o n  of the  ves t ibu la r  apparatus .  After combined 
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Figure 4. Change a f t e r  d i f f e r e n t  types of exposure 
observed i n  l a t e n t  period of electromyographic reac- 
t i o n  t o  adequate s t imula t ion  of ves t ibu la r  analyzer .  
Along y-axis  -- value of l a t e n t  period i n  r e l a t i v e  
u n i t s .  5, Subgroup subjected t o  j o i n t  exposure (4  
guinea p igs ) .  Remaining nota t ions  same a s  i n  f i g .  1. 

exposure the  l a t e n t  period of t h i s  r eac t ion  i s  increased considerably during 
the e n t i r e  period of observations (30 days) .  
character ,  b u t  there  i s  some decrease below the zero l e v e l  only on the  25th 
day. The maxi- 
mum changes a re  observed on the f i rs t  days a f t e r  the  exposure. The median of 
changes r i s e s  by 1 . 2  u n i t s  above the cont ro l  (P < 0.05); t he re  i s  no s i g n i f i -  
cant  change of dispers ion  (P > 0.05).  

The changes have a wavelike 

There was no r e t u r n  t o  normalcy even 30 days a f t e r  exposure. 

I n  comparison with the  r e s u l t s  of i r r a d i a t i o n  alone and v ib ra t ion  alone 
t h e  influence of r a d i a t i o n  i n  the  e f f e c t  of j o i n t  exposure i s  c l e a r l y  ap- 
parent .  
c a t e s  the  shape of the  curve of t he  r e s u l t s  of i r r a d i a t i o n ,  bu t  almost 
merges with it. Later  the  curves diverge,  but  t he  r e s u l t  of j o i n t  exposure 
nevertheless  remains c lose r  ( i n  s ign  and value)  t o  the  r e s u l t  of i r r a d i a t i o n  
than t o  the r e s u l t  of v ibra t ion .  The medians of the  changes i n  the  case of com- 
bined exposure and i n  the  case of i r r a d i a t i o n  v i r t u a l l y  coincide (P > 0.05). 
However, the  median of changes during v ibra t ion  l i e s  4.5 u n i t s  lower (P < 
0.001).  
r e l i a b l y  from the  e f f e c t s  of both v ib ra t ion  and i r r a d i a t i o n  (P < .O.OOl). 
the f i r s t  case the d ispers ion  i s  considerably l e s s  than  i n  the  two l a t t e r  
cases .  

The f i r s t  10 days the  curve for combined exposure not  only dupl i -  /226 

According t o  the d ispers ion  t e s t  the  e f f e c t  of combined exposure d i f f e r s  
I n  

However, the inf luence of v ib ra t ion  during combined exposure i s  a l s o  r e -  
f l e c t e d  i n  t h i s  parameter. F i r s t ,  the  curve of combined exposure from time t o  
time i s  displaced somewhat i n  the  d i r e c t i o n  of t he  v i b r a t i o n  e f f e c t .  Second, 
with respec t  t o  change of t he  l a t e n t  period, the ves t ibu la r - ton ic  r e a c t i o n  ot 
t he  group of animals subjected t o  the  combined exposure w a s  var ied .  I n  4 of the  
12 guinea pigs  the  changes had a d i f f e r e n t  charac te r  than  i n  a l l  o the r  animals 
of the  group ( f i g .  4).  I n  these  animals the l a t e n t  per iod of myoelectric reac- 
t i o n  t o  ves t ibu la r  i r r i t a t i o n  a f t e r  combined exposure f o r  t h e  most p a r t  decreased, 
a s  a f t e r  v ibra t ion .  On t h e  f i rs t  two days the decrease i s  r a t h e r  considerable.  
On the  following days t h e  changes a r e  l e s s ,  but  nevertheless.5gc'eed the  l i m i t s  
o f  the cont ro l .  
a f t e r  v ib ra t ion ,  although on t h e  f i rs t  seven days the  e f f e c t  i s  considerably 
l e s s  i n  i t s  value. Beginning on the  seventh day, t he  curve represent ing  the 

The d i r e c t i o n  of t he  r eac t ion  i n  t h i @  c a s e ' i s '  t he  same as 



Figure 5 .  Change a f t e r  d i f f e r e n t  types of exposure 
observed i n  dura t ion  of a f t e r e f f e c t  of e l e c t r o -  
myographic r eac t ion  t o  adequate s t imula t ion  of 
ves t ibu la r  analyzer .  
Along y-axis  -- dura t ion  of a f t e r e f f e c t  i n  r e l a t i v e  
u n i t s .  Remaining nota t ions  same as  i n  f i g .  1. 

r e s u l t  of combined exposure f o r  t hese  animals approaches t h e  curve represent ing  
vibrat ion.  Later both curves have a similar shape, being v i r t u a l l y  i d e n t i c a l .  

Thus, with r e spec t  t o  t h i s  index, these  fou r  guinea p igs  revealed a 
charac te r  of changes corresponding t o  the  e f f e c t  of v ibra t ion .  The r eac t ion  
of t he  o the r  animals of t h e  group indica ted  t h a t  t he  inf luence of r a d i a t i o n  
was grea te r .  

I n  t h e  case of combined exposure t o  v i b r a t i o n  and acute  i r r a d i a t i o n  the  
inf luence of r a d i a t i o n  w a s  manifested c l e a r l y  only s h o r t l y  p r i o r  t o  the  death 
of the  animals. A masking e f f e c t  of v ib ra t ion  appeared in the  e a r l y  s tages  
(Apanasenko, 196413). 

I n  t he  case of j o i n t  exposure t o  v ib ra t ion  and prolonged i r r a d i a t i o n  most 
of t he  animals r evea l  a r eac t ion  t o  the  r a d i a t i o n  inf luence from the  very 
f irst  days a f te r  exposure. The d i f fe rence  between the e f f e c t s  of the two 
types of combined exposure i s  s t a t i s t i c a l l y  r e l i a b l e  with r e spec t  t o  t h e  d isper -  
s ion tes t  (P < 0.001) and un re l i ab le  wi th  r e spec t  t o  the  median t e s t  
(P > 0.05). 

Rather rapfd wavelike changes with t r a n s i t i o n  through the  zero l e v e l  a r e  
c h a r a c t e r i s t i c  for t h e  dura t ion  of t he  a f t e r e f f e c t  of t he  inves t iga ted  /227 
ves t ibu lar - ton ic  r eac t ion  ( f i g .  5 )  a f t e r  combined exposure. The amplitude of  
the va r i a t ions  exceeds t h e  l i m i t s  of t h e  cont ro l .  After the  10th  day t h e  
r e l a t i v e  value of t he  dura t ion  o f  the  a f t e r e f f e c t  of t h i s  r eac t ion  no longer  
drops below zero; the  va r i a t ions  continue t o  a higher  l e v e l .  After  t he  20th 
day there  i s  a r e t u r n  toward normalcy, bu t  complete normalization i s  not  
observed even on the  30th day. The median of t he  changes v i r t u a l l y  coincides  
with the  cont ro l  (P > 0.05) .  The d ispers ion  increases  by a f a c t o r  of 2.5 i n  
comparison wi th  the  con t ro l  and by a f a c t o r  of 4.9 i n  comparison wi th  the  
i n i t i a l  l e v e l  (P < 0.001)., I n  one guinea p ig  the  dura t ion  of the  a f t e r e f f e c t  
of myoelectric r eac t ion  a t  a l l  times remained high; i t s  value did not  decrease 
beyond the  zero l eve l  on even a s ing le  experimental  day. 
animals t he  changes were completely uniform. 

I n  a l l  remaining 
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I n  an ana lys i s  of t he  dynamics of t he  dura t ion  of t h e  a f t e r e f f e c t  of the  
r eac t ion  t o  ves t ibu la r  s t imu la t ion  a f t e r  j o i n t  exposure we f ind  a case when 
the e f f e c t  of combined exposure of two inf luences opposi te  for a p a r t i c u l a r  
paraneter  occupies a mean pos i t i on  and sometimes even d i f f e r s  l i t t l e  from the 
control .  Up t o  the  20th day the  r e s u l t s  of t he  separate  in f luences  of  vibra- 
t i o n  and prolonged i r r a d i a t i o n  on the  dura t ion  of t he  a f t e r e f f e c t  are almost 
d i r e c t  opposites.  The value of t he  e f f e c t  of combined exposure ass imi la tes  
opposi te  in f luences  and i n  t h i s  period of time v a r i e s  near  zero, s h i f t i n g  
soxewhat i n  the  d i r e c t i o n  of t h e  v ib ra t ion  e f f e c t .  The median of  the changes 
is  1 .3  u n i t s  above the  median f o r  i r r a d i a t i o n  alone and 1.1 u n i t  below it f o r  
v ibra t ion  alone. The d i spe r s ion  of the  values i s  2.5 t i m e s  g r e a t e r  than i n  
the case of i r r a d i a t i o n  and 7 t i m e s  less  than i n  the  case of v ibra t ion .  

The e f f e c t  of combined exposure wi th  an equal  degree of r e l i a b i l i t y  differs 
both from the  e f f e c t  of v ib ra t ion  and from t h e  e f f e c t  of i r r a d i a t i o n  - -  i n  
both cases P < 0.05 f o r  t h e  median tes t  and P < 0.001 f o r  t he  d i spe r s ion  t e s t .  

I n  t h i s  case d i f f e r e n t  r e l a t i o n s  a l s o  appear than  i n  the  case of thecom- 
bined e f f e c t  of v ib ra t ion  and acute  i r r a d i a t i o n ,  where the  dominating in-  /228 
f luences of v ib ra t ion  and i r r a d i a t i o n  seemingly were separated i n  t i m e  
(Apanasenko, 1964b). 

bined exposure i s  r e l i a b l e  wi th  respec t  t o  the  d ispers ion  t e s t  (P c 0.001) and 
w i t h  respec t  t o  the  med ian te s t  (P not  much > 0.05) i s  on the  boundary o f  
r e l i a b i l i t y .  
t i o n  the d ispers ion  of t h e  values i s  considerably less, and the  median of t h e  
changes i s  s i t u a t e d  2.3 u n i t s  higher  than i n  the  case ofcombined exposure t o  
v ib ra t ion  and acute i r r a d i a t i o n .  Thus, i n  a l l  considered cases t h e  changes of 
myoelectric c h a r a c t e r i s t i c s  of t he  ves t ibu la r - ton ic  reflex i n  the  case of com- 
bined exposure have c l e a r  i nd ica t ions  of a v ib ra t ion  e f f e c t .  This i s  mani- 
f e s t e d  most c l e a r l y  usua l ly  i n  t h e  f i rs t  period a f te r  exposure. 

The d i f fe rence  between t h e  e f f e c t s  of t he  two types ofcom- 

I n  the  case of j o i n t  exposure t o  v ib ra t ion  and proionged i r r a d i a -  

However, t he  c l i n i c a l  course of r a d i a t i o n  s ickness  apparent ly  does not  
conform t o  t h i s  pa t t e rn .  
absent i n  t h i s  case.  Thus, the  dynamics of t he  number of leukocytes i n  the  
pe r iphe ra l  blood of animals a f t e r  coabined exposure do no t  dif fer  e s s e n t i a l l y  
from the  same a f t e r  prolonged i r r a d i a t i o n  alone ( f i g .  6 ) .  I n  both cases  there  
i s  a moderate decrease of t he  number of  leukocytes (up t o  1200-2300 p e r  

I”). 
re tu rn  t o  normalcy a f t e r  the  20th day. 

Ind ica t ions  of t h e  e f f e c t  of v ib ra t ion  are v i r t u a l l y  

The maximum decrease i s  reached on the  7th-lOth day; t he re  i s  a gradual  

The d i f f e rence  from the  con t ro l  and the  v ib ra t ion  e f f e c t  i s  r e l i a b l e  
(P < 0.001). 
combined exposure and i r r a d i a t i o n  along (P B0.05) .  It i s  poss ib l e  t o  note  only 
a somewhat more rap id  and smooth r e t u r n  t o  normalcy a t  the  t i m e  of combined 
exposure. 

N o  s i g n i f i c a n t  d i f f e rence  was discovered between %he r e s u l t s  of 

There i s  an almost i d e n t i c a l  change of  weight of  animals a f t e r  prolonged 
i r r a d i a t i o n  and combined exposure ( f i g .  7).  I n  both  cases  an apprecaible 
increase of weight begins w i t h  t h e  t h i r d  day and continues during the  course 
of t h e  e n t i r e  experimental  per iod.  However, i n  both cases  t h i s  increase  does 
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Figure 6. 
phera l  blood of animals after d i f f e r e n t  types of 
exposure. 
Along y-axis  -- number of leukocytes i n  1 mm3 of 
blood, expressed i n  percent of mean norm (on graph 
norm is assigned o value)  and r e l a t e d  t o  mean 
devia t ion  f o r  each group from norm p r i o r  t o  expo- 
sure. Remaining nota t ions  same a s  i n  f i g .  1. 

Change of number of leukocytes i n  p e r i -  

t / 

Figure 7. Change of weight of animals a f t e r  d i f -  
f e r e n t  types of exposure. 
Along y-axis  -- weight expressed i n  percent  of 
mean norm (0 on graph) and r e l a t e d  t o  mean devia- 
t i o n  f o r  each group from norm p r i o r  t o  exposure. 
Remaining nota t ions  same a s  i n  f i g .  1. 

not d i f f e r  r e l i a b l y  from the  cont ro l  (P > 0.05) .  
subjected t o  v ib ra t ion  alone changes i n  approximately the  same way as i n  the  
case of i r r a d i a t i o n  and combined exposure. I n  t h i s  case it i s  the re fo re  impos- 
s i b l e  t o  speak of a predominant r o l e  of any component i n  t h e  combined e f f e c t .  

The weight of the  animals 

The r e l i a b l e  difference between a l l  fou r  curves does not  change (P > 
0.05). 
exposure d i d  no t  d i f f e r  from animals subjected t o  prolonged i r r a d i a t i o n  alone. 
I n  ne i the r  case did ind ica t ions  of acute r a d i a t i o n  s ickness  appear. The r e l a -  
t i v e l y  small number (12-16 per group) of experimental  animals does not.make it 
possible t o  draw r e l i a b l e  conclusions concerning t h e  d i f f e rences  i n  the  sur-  
v i v a l  r a t e  after combined exposure. N o  spontaneous losses ocurred i n  t h e  

I n  e x t e r n a l  appearance and general  condi t ion the  animals a f t e r  j o i n t  

222 



control .  There a l s o  was no death of animals a f t e r  the separate  e f f e c t  of vibra-  
t i o n  and prolonged i r r a d i s t i o n .  After  combined exposure t o  these  f a c t o r s  one 
guinea p ig  died,  cons t i t u t ing  8.3 percent  of the  number of animals i n  the  
pa r t i cu la  group . 

Thus, i n  the  case of  combined exposure t o  v i b r a t i o n  and prolonged i r r a d i a t i o n  
the Fnvestigated c l i n i c a l  ind ices  (weight, number of leukocytes i n  the p e r i -  
pheral  blood, general  condi t ion)  w e r e  subjected t o  the e f f e c t  of v ib ra t ion  t o  
a s t i l l  l e s s e r  degree than when v ib ra t ion  was combined wi th  acute i r r a d i a t i o n .  
Whereas i n  the  second case the  e f f e c t s  of t he  combined f a c t o r s  and i r r a d i a t i o n  
d o n e  diverge somewhat (during the  j o i n t  exposure weight decreases  more sharply 
and the  number of leukocytes less sharply; the genera l  condi t ion i s  worse 
than i n  the case of i r r a d i a t i o n ) ,  i n  the f irst  case they a re  almost iden- /239 
t i c a l .  The d i f fe rence  between the e f f e c t s  of the compared types of j o i n t  
exposijre with respec t  t o  the  inves t iga ted  c l i n i c a l  i nd ices  is  s t a t i s t i c a l l y  
r e l i a b l e  (P < 9.001). This d i f f e rence  i s  determi-ned by t h e  completely d i f f e -  
r e n t  e f f e c t  of acute  and prolonged i r r a d i a t i o n s  (with the  same dose) on the 
c l i n i c a l  p ich i re  of r a d i a t i o n  s ickness  and t h e  su rv iva l  rate of the  animals. 

C onc l u s  ion  

On the b a s i s  of the r e s i i l t s  it can be concluded t h a t  double exposure t o  
v ib ra t ion  exe r t s  no appreciable  inf luence  on t h e  survival ra te  of guinea 
pigs  and c l i n i c a l  course of  r a d i a t i o n  s ickness  a f t e r  whole-body prolonged 
gamma i r r a d i a t i o n  i n  a dose of 500 r. Information on the influence of vibra- 
t i o n  on the c l i n i c a l  s t a t e  and su rv iva l  r a t e  of  animals during i r r a d i a t < o n  
could not be found i n  the  l i t e r a t u r e .  However, acce le ra t ion  on a cen t r i fuge  
usua l ly  e i t h e r  exer ted no inf luence on su rv iva l  r a t e  i n  the  csse of i r r a d i a t i o n  
(Taylor, 1960; Lyle, 1961) or caused an un re l i ab le  incrense of the  su rv iva l  
r a t e .  

The r a d i a t i o n  r eac t ions  of myoelectric c h a r a c t e r i s t i c s  of t he  ves t ibu lar -  
ton ic  r e f l e x  under the  inf luence of v ib ra t ion  vary considerably.  I n  the  case 
of the ves t ibu la r  analyzer  v ib ra t ion  t o  a d e f i n i t e  degree i s  an add i t iona l  
adequate i r r i t a n t .  It i s  known t h s t  a func t iona l  load on sn organ i n  most 
cases causes an increase of i t s  reac t ion  t o  r a d i a t i o n  (Sokolova, 1962; Vayl ' ,  
Sarkisov, 1959; Sokolova, Gorshenins, 1960). The r e s u l t s  obtained i n  t h i s  
study f o r  t he  r eac t ions  of t he  ves t ibu la r  apparatus revea l  more complex s e l a -  
t ions.  I n  the  case of a combined e f f e c t  of v ib ra t ion  and prolonged i r r a d i a t i o n  
it i s  possible  t o  observe the following cases of i n t e r a c t i o n  of the  e f f e c t s  of 
t he  components. 

P a r t i a l  Summation of Effects  i n  t h e  Case of  t h e  One-Directional 
E f f e c t  of Vibra t ion  and I r r a d i a t i o n  

Such an i n t e n s i f i c a t i o n  of t he  r ad ia t ion  e f f e c t  by exposure t o  v ib ra t ion  
occurs f o r  t he  background e l e c t r i c a l  a c t i v i t y  on t h e  5 t h  and 7 t h  dsys and f o r  



the  e l e c t r i c a l  a c t i v i t y  a t  the t i m e  of  t he  ves t ibu l - r - ton ic  r eac t lon  on the 
5th,  7 th  and 15 th  days a f t e r  exposure ( f i g s .  1 and 2 ) .  These cases  of incom- 
p l e t e  summation c m  be considered as an aggravat ion of  t h e  r a d i a t i o n  r eac t ion  
under the  influence of a nonradiat ion f a c t o r  ( v i b r a t i o n ) .  Very many-such 
examples a r e  given i n  the  l i t e r a t u r e  (Blinov, 1958: Bondarenko, 1961; Markelov, 
1961: Movsesyan, 1960; Movsesyan e t  a l . ,  1962; Psshkovskiy, 1959; S t r e l i n ,  
1962; Funshteyn, 1956, 1961; Tsverava e t  a l . ,  1959; Shcherbins, 1962, and 
o t h e r s ) .  

Predominance of t h e  Effect  of One of  t h e  Combined Fac tors  

Such a phenomenon i s  observed, f o r  example, w i th  a change of the l a t e n t  
per iod of myoelectr:.c r eac t ion  t o  s t imu la t ion  of  t h e  vestibular apparatus.  (231 
I n  the  case of j o i n t  exposure i n  most of the  animals the  l a t e n t  per iod of  
t h i s  reac t ion  changes, a s  i n  the  case of i r r a d i a t i o n  alone; i n  fou r  animals the 
influence of v ib ra t ion  is  predominant ( f ig .  4 ) .  A s i m i l a r  predominance of the 
v ibra t ion  e f f e c t  w a s  a l s o  noted by M. A. Kuznetsova (1964b) i n  a s tudy of  the  
fbnc t iona l  s t a t e  of t h e  r e f l e x  a r c  of the  s p i n a l  reflex.  

Combination of  the  Influence of Both Components i n  the  
Combined Exposure Ef fec t  

Very f requent ly  the  r e s u l t  of combined exposure on the  f irst  days i s  
s i m i l a r  t o  the r e s u l t  of v ib ra t ion  alone, but  i n  the  l a t e r  period it i s  s imilar  
t o  the  result of i r r a d i a t i o n  alone ( e l e c t r o a c t i v i t y  of the  muscles a t  rest, 
w i t h  time and i n  the  a f t e r e f f e c t  of the  r eac t ion  t o  v e s t i b u l s r  i r r i t a t i o n  -- 
figu-res 1, 2 and 3 ) .  
e f f e c t  of r ad ia t ion  qnd burns by Sh. R. Topuriya and o the r s  (1959), by L. D. 
Luk'ysnova ( 1 9 6 4 ~ )  i n  an inves t iga t ion  of oxidat ion processes  i n  ce reb ra l  t i s -  
sue Ind by Clemedson qnd Nelson (1955) i n  a s tudy of the  j o i n t  e f f e c t  of whole- 
body r a d i a t i o n  and shock wave. 

S imi la r  f a c t s  were observed i n  the  case of t he  combined 

P a r t i a l  o r  To ta l  N u l l i f i c a t i o n  of t h e  E f f e c t s  of  Components Directed 
i n  Opposite Di rec t ions  

In  t h i s  case the  e f f e c t  of combined exposure occupies an intermediate  pos i t i on  
hetween the  e f f e c t s  of t he  separnte  inf luence of t h e  ind iv idua l  components. 
There i s  a more o r  l e s s  considerable a t t enua t ion  of r a d i a t i o n  r eac t ions .  The 
r e s u l t  of the combined exposure i n  t h i s  case sometimes does no t  exceed t h e  limits 
of t he  control .  An example of the  averaging of t he  e f f e c t s  of t he  components 
i n  t h i s  s tudy i s  the  dynamics of the dura t ion  of t h e  a f t e r e f f e c t  of t he  in-  
ves t iga ted  ves t ibu lar - ton ic  reac t ion  ( f ig .  5 ) .  Such data are also presented  i n  
the l i t e r a t u r e  (Pushnitsyn, 1962; Kuznetsova, 1964b). 
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I n t e r e s t i n g  Phenomenon of In t en5 i f i ca t ion  of t h e  Ef fec t  of 
One Factor  Oppositely Directed t o  the  Ef fec t s  of t he  Other 

Sometimes i n  t h i s  case the re  i s  appearance of e f f e c t s  of a completely d i f -  
f e r en t  charac te r ,  not  observed f o r  e i t h e r  of the  ind iv idua l  components. 
an i n t e n s i f i c a t i o n  of t he  r ad ia t ion  e f f e c t  oppos i te ly  d i r ec t ed  t o  the  i n f l u -  
ences of v ibra t ion  is  noted, f o r  example, f o r  t h e  change of background e lec-  
t r i c a l  a c t i v i t y  on t h e  second day, and f o r  the change of the  l a t e n t  per iod  -- 
on the  7 th  and 15 th  days a f t e r  exposure ( f i g s .  1 and 4).  S imi la r  phenomena 
were observed by V. A. Suvorov 3nd B. A. Saakov (1960) i n  t h e  case of burn 
shock af ter  i r r a d i a t i o n  and by M. I. Ul'yanov and B. V. Sakharov (1963) i n  
t h e  case of combined r a d i a t i o n  and moderate pain i r r i t a t i o n .  Ye .  N. Ryumina 
(1962) mentions t h e  appearance of leukopenia af ter  combined bleeding ( caused by 
leukocytosis)  and i n t e r n a l  i r r a d i a t i o n  (without a change of t h e  number of 
leukocytes) .  

Such 

Thus, almost without  changing the  c l i n i c a l  s t a t e  and su rv iva l  r a t e  of - /232 
the snimals, v ib ra t ion  i n  the  case of i t s  j o i n t  e f f e c t  wi th  prolonged 
i r r a d i a t i o n  e x e r t s  an appreciable  inf luence on the  r a d i a t i o n  r eac t ions  of t h e  
vestibu1.r appsratus  -- r e a r  ex t r emi t i e s  extensors  system. The d i f f e rence  i n  
the  e f f i c i e n c y  of t he  inf luence of the  nonradiat ion f a c t o r  on the  r e s u l t s  of 
i r r a d i a t i o n  wi th  respec t  t o  the d i f f e r e n t  inves t iga ted  parameters i s  descr ibed 
qu i t e  ex tens ive ly  i n  the  l i t e r a t u r e  (Mushina, 1958; Pinchuk, Shche,rban', 1958; 
Sokolov, 1956). 

The r e s u l t s  of t h i s  work show t h a t  the e f f e c t s  of prolonged i r r a d i a t i o n  
were sub jec t  t o  the  inf luence  of v i b r s t i o n  t o  a somewhat lesser degree than  the  
e f f ec t s  of the same dose of acute i r r a d i a t i o n .  I n  both cases ofcombined exposure 
there  i s  complex i n t e r a c t i o n  of the e f f e c t s  of v ib ra t ion  and i r r a d i n t i o n .  How- 
ever ,  i n  the case of j o i n t  exposure t o  v ib ra t ion  and acute i r r a d i a t i o n  t h e  i n -  
f luence of r ad ia t ion  is  usua l ly  manifested l a t e r  and i s  expressed somewhat more 
weakly than i n  the  case Ofcombined ef fec t  of v i b r a t i o n  and prolonged i r r a d i a t i o n  
(Apanasenko, 1964b). The e f f e c t s  of acute  i r r a d i a t i o n  f r equen t ly  were masked 
by the e f f e c t s  of v ib ra t ion  up t o  the  t i m e  of the  dea th  of the animals.. Guinea 
p igs  subjected t o  combined exposure sometimes d i ed  desp i t e  ind ices  corresponding 
t o  the cont ro l  or a v ibrs ted  animal. 

However, prolonged i r r ad . i a t ion  begins t o  dominate i n  the complex e f f e c t  st 
an e a r l i e r  t i m e .  It seemingly "draws" the r e s u l t  of t he  combined e f f e c t  c lose r  
t o  i t s e l f .  The curves represent ing  t h e  e f f e c t  of prolonged i r r a d i a t i o n  alone 
and i t s  e f f e c t  i n  combination wi th  v ib ra t ion  diverge considerebly less  than  the  
corresponding curves for acute i r r a d i s t i o n  end i t s  combination w i t h  t h e  same 
vibra t ion .  Table 1 gives the  median values of the d i f f e rences  between t h e  mean 
r e l a t i v e  e f f e c t s  of t he  combined exposure and i r r a d i e t i o n .  The t a b l e  shows 
t h a t  i n  the  series of experiments w i th  acute  i r r a d i a t i o n  the  sbsolute  values of 
the medians for almost a l l  inves t iga ted  ind ices  are g r e a t e r  than i n  the  series 
of experiments w i th  prolonged i r r a d i a t i o n .  Only f o r  t h e  e l e c t r i c a l  e c t i v i t y  of 
the  muscles i n  the  a f t e r e f f e c t  of the  ves t ibu la r - ton ic  r eac t ion  were the  
medians of t he  d i f f e rences  i n  both cases  v i r t u a l l y  i d e n t i c a l .  The lesser 
values  of the medians of t he  d i f f e rences  between t h e  values of  t he  e f f e c t s  of corn- 
bined exposure and prolonged i r r a d i a t i o n  alone ( i n  compsrison wi th  these  same 
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TABU 1. VALUE OF MDIANS OF DIFFERENCES BETWEEN RELATIVE EFFECTS 
OF COMBINED EXPOSURE AND CORRESPONDING FOFN OF IRRADIATION 

Inves t iga ted  index 

B s ckground e l e  c t ri ca 1 a c t i v i t y  
of muscles 

E l e c t r i c a l  a c t i v i t y  of muscles 
a t  time of s t imula t ion  of 
ves t ibu la r  analyzer  

E l e c t r i c a l  a c t i v i t y  of muscles 
i n  a f t e r e f f e c t  of r eac t ion  
t o  s t imul2 t ion  of ves t ibu la r  
analyzer 

Latent  period of r eac t ion  t o  
s t imula t ion  of ves t ibu la r  
analyzer 

Durqtion of a f t e r e f f e c t  of re- 
ac t ion  t o  s t imula t ion  of 
v e s t i b u l a r  Analyzer 

. - . 

_ _  

S e r i e s  
with 
acute  

i r r s d i a t i o n  

+8.89 

-11.17 

+O.l 

-1.09 

+5.82 
.... ~ - . 

Ser i e s  
with 

prolonged 
. r r A  d i  a t i on 

+2.38 

-1.5 

-0.4 

-0.3 

+4.47 

Rel i -  
a b i l i t y  

(PI 

<O. 05 

C9.01 

B0.05 

>0.05 

>o. 05 

values i n  the  s e r i e s  of experiments w i th  scu te  i r r a d i s t i o n )  i nd ica t e  t h a t  the 
curves f o r  combined exposure and prolonged i r r a d i a t i o n  l i e  c lose r  t o  one another 
than the  corresponding curves i n  the series of  experiments with acute  i r r a d i a -  
t i on .  This d i f fe rence  i s  r e l i a b l e  wi th  r e spec t  t o  t h e  ind ices  of e l e c t r i c a l  
a c t i v i t y  a t  rest and a t  the t i m e  of t h e  r eac t ion  t o  adequate ves t ibu la r  
i r r i t a t i o n .  For t h e  l a t e n t  period and t h e  dura t ion  of t he  a f t e r e f f e c t  t h e  
d i f fe rence  of these  medians i s  un re l i ab le ,  but  it can a l s o  be seen t h a t  the  
values of t he  medians of t he  d i f fe rences  i n  the experiments with acute  i r r a d i a -  
t i o n  a re  g rea t e r  than  i n  t h e  experiments w i th  prolonged i r r a d i a t i o n .  The /233 
t a b l e  thus confirms t h a t  i n  the  case of combined exposure, t h e  e f f e c t s  of pro-  
longed i r r a d i a t i o n  change l e s s  under the  inf luence of v ib ra t ion  than  the  
effect-s of acute i r r a d i a t i o n .  

The lesser dependence on v ib ra t ion  influence can be a t t r i b u t e d  p r imar i ly  
t o  the f a c t  t h a t  i n  t h e  case of prolonged i r r a d i a t i o n  only a p a r t  of t he  rad ia-  
t i o n  dose affects t h a t  func t iona l  background a r i s i n g  immediately a f t e r  v ibra-  
t i o n .  Furthermore, v ib ra t ion  i n  t u r n  a l s o  corresponds on ly  t o  t h e  end of pro- 
longed i r r a d i a t i o n ,  e.g., w i th  t h e  l a s t  f fpor t ions"  of  it. Thus, i n  t h e  case o f  pro- 
longed exposure t o  r a d i a t i o n ,  somewhat d i f f e r e n t  temporal r e l a t i o n s  with 
v ibra t ion  are created than  i n  the case of acute  i r r a d i a t i o n .  However, t h e  
dependence of t he  combined e f f e c t  on t h e  r e l a t i o n  of t h e  f a c t o r s  operat ing with 
time i s  r a the r  w e l l  known. The change of r a d i a t i o n  e f f e c t s  under the  inf luence 
of blood l o s s  (Bondina e t  a l . ,  1958), under the  inf luence of a shock wave and 
e l e c t r i c a l  cur ren t  (Zakharzhev e t  a l . ,  1960; Popov, 1960; H a l l  e t  a l . ,  1962) 
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and mechanical trauma (Kruk, 1960) depends on the time of app l i ca t ion  of these 
f a c t o r s  a f t e r  i r r a d i a t i o n .  

The time of app l i ca t ion  of the nonradiation f a c t o r  r i o r  t o  i r r a d i a t i o n  
a l s o  determines the o v e r a l l  e f f e c t  of combined exposwe P Bychkovskaya, 1955). 
However, there i s  some b a s i s  f o r  assuming t h a t  t he  temporal r e l a t i o n s  between 
the components are not t h e  only  cause of the  d i f f e r e n t  e f f e c t  of v ib ra t ion  on 
t h e  e f f e c t s  of acute and prolonged i r r a d i a t i o n s .  F i r s t ,  it was demonstrated 
t h a t  the e f f e c t  of v ib ra t ion  on the  inves t iga ted  parameters p e r s i s t s  for 7-15 
and sometimes 25 days (Apanasenko, 1964a). Therefore,.prolonged i r r a d i a t i o n  
(with a dura t ion  of 1 4  hours) should coincide w i t h p e r l o d  of consider- 
able  pos tv ibra t ion  changes i n  the  body. Second, it can be considered 
e s t ab l i shed  t h a t  f o r  t h e  r eac t ions  of t h e  nervous system i n  general ,  and t h e  
ves t ibu la r  analyzer i n  p a r t i c u l a r  (Z.  I. Apanasenko), i r r a d i a t i o n s  with a 
l e s s e r  dose i n t e n s i t y  a re  more e f f e c t i v e  than  acute i r r a d i a t i o n s .  I n  t h i s  case 
the s p e c i f i c  weight of r a d i a t i o n  i n  t h e  e f f e c t  of combined exposure can i n -  
crease.  It the re fo re  can be assumed t h a t  the f a c t o r  d i r e c t l y  respons ib le  f o r  
t h e  d i f f e r e n t  e f f ec t iveness  of v ib ra t ion  i n  combined exposure can be t h e  r ad ia -  
t i o n  dose i n t e n s i t y .  It i s  i n t e r e s t i n g  t h a t  i n  t h i s  r e spec t  our da t a  coincide 
with the r e s u l t s  of the morphological i nves t iga t ions  made by A. N. Ganshina 
(1961). 
g i c a l  Signs of r a d i a t i o n  sickness i n  the  case of acute i r r a d i a t i o n  (400 r )  and 
e x e r t s  v i r t u a l l y  no influence on them i n  the  case of f r a c t i o n a l  i r r a d i a t i o n  
(4 X 100 r ) .  
(1562). 
tenuated with a pe r s i s t ence  of chronic i r r a d i a t i o n  up t o  10 days ( i n  comparison 
with 5 days i n i t i a l l y ) .  

/234 

She e s t ab l i shed  t h a t  v ib ra t ion  i n t e n s i f i e s  the pathomorpholo- 

E s s e n t i a l l y  the  same s i t u a t i o n  was discovered by A. D. Pushnitsyna 
I n  the case of a combined exposure the e f f e c t  of blood l o s s  was a t -  

The t e s t s  used i n  these  s t u d i e s  were not r e l a t e d  d i r e c t l y  t o  the  func t ions  
of the nervous system. However, t hese  inves t iga t ions  r e v e a l  t h e  p o s s i b i l i t y  of a 
d i f f e r e n t  influence of t he  nonradiation f a c t o r  on the  e f f e c t s  of d i f f e r e n t  
methods of i r r a d i a t i o n  (with the same dose) .  

In a l l  p robab i l i t y ,  the l e s s e r  influence of v i b r a t i o n  on the e f f e c t  of 
prolonged i r r a d i a t i o n  depends both on incomplete i d e n t i t y  ( i n  comparison with 
the s e r i e s  of experiments wi th  acute i r r a d i a t i o n )  of t he  temporal r e l a t i o n  of 
the components of the combined agents and d i r e c t l y  on the dose i n t e n s i t y  of the 
i r r a d i a t i o n .  

Summary 

1. The combined e f f e c t  of double exposure t o  v i b r a t i o n  and prolonged gamma 
i r r a d i a t i o n  i n  a dose of 500 r wi th  
s ide rab le  inc rease  of spontaneous e l e c t r i c a l  a c t i v i t y  of t h e  group of extensors 
i n  t h e  r e a r  ex t remi t ies  of t h e  guinea p i g  i n  a s t a t e  of  r e l a t i v e  r e s t .  

dose i n t e n s i t y  of 0.6 r/min causes a con- 

2. The e l e c t r i c a l  a c t i v i t y  of t h e s e  muscles wi th  time and i n  t h e  a f t e r e f -  
f e c t  of t h e  r e a c t i o n  to adequate v e s t i b u l a r  s t imu la t ion  decreases a f t e r  combined 
exposure. 



3.  The l a t e n t  per iod  of t h e  myoelectric r eac t ion  t o  adequate ves t ibu la r  
s t imulat ion increases  a f t e r  combined exposure. 

4. The dura t ion  of t h e  a f t e r e f f e c t  of t h i s  r eac t ion  i n  t h e  case of com- 
bined v ib ra t ion  and prolonged i r r a d i a t i o n  undergoes wavelike va r i a t ions  a t  t h e  
zero l e v e l  with some increase a week a f t e r  exposure. /235 

5 .  With respec t  to composition of t h e  pe r iphe ra l  blood, dynamics of 
weight, general  c l i n i c a l  s t a t e ,  and su rv iva l  rate of t h e  animals, no s t a t i s t i -  
c a l l y  r e l i a b l e  d i f fe rences  were discovered between combined exposure and t h e  
e f f e c t  of prolonged i r r a d i a t i o n  alone. 

6. I n  t h e  case of combined exposure to v ib ra t ion  and prolonged gamma 
i r r ad ia t ion ,  v ib ra t ion  more or less s i g n i f i c a n t l y  changes t h e  e f f e c t  of 
r ad ia t ion  on the  electromyographic c h a r a c t e r i s t i c s  of t he  ves t ibu lar - ton ic  r e -  
f l ex .  

Most f requent ly  the  inf luence of  v ib ra t ion  predominates i n  the  e f f e c t  of 
combined exposures i n  t h e  ea r ly  s tages  while t he  inf luence of r ad ia t ion  predomi- 
nates i n  t h e  l a t e  s tages .  Occasionally, some of t h e  animals i n  the  course of 
t he  e n t i r e  per iod  of observations revea l  a predominance of t h e  influence of 
v ibra t ion  and t h e  others-- the inf luence of r ad ia t ion .  Sometimes opposi te ly  
d i rec ted  e f f e c t s  of t h e  components n u l l i f y  each other  and the  r e s u l t  of combined 
exposure does not d i f f e r  from the  control .  

7. The e f f e c t s  of prolonged i r r a d i a t i o n  change under t h e  inf luence of 
v ibra t ion  t o  a somewhat l e s s e r  degree than  t h e  corresponding e f f e c t s  of acute 
i r r ad ia t ion .  
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COMBINED EFFECT O F  VIBRATION AND IONlZING RADIATIONS 
ON THE CONDITIOI!KED REFLMES OF RATS 

N. N. Livsh i t s  and Ye. S. Meyzerov 

ABSTRACT 

Groups of rats were exposed t o :  
I. Combined e f f e c t  of whole-body v e r t i c a l  v i b r a t i o n  a t  

70 cps and an amplitude of 0.4 mm f o r  15 m i n  and immediately 
afterwards t o  t o t a l  X- i r rad ia t ion  ( 5 0  r) . 

11. Ef fec t  of vibrostand noise f o r  13 min and then  
t o  t o t a l  X- i r rad ia t ion  (50  rad). 

111. 
All exposures were repeated three  t i m e s .  The i n -  

E f fec t  of vibrostand noise  f o r  15 min (con t ro l ) .  

t e r v a l  between the  f i rs t  and second exposures w a s  14 days 
and between the  second and t h i r d  w a s  7 days. Experiments 
on r a t s  exposed t o  v ib ra t ion  only were used f o r  compari- 
son. These were described i n  another paper by these  same 
authors  . 
studied.  

the v ib ra t ion  e f f e c t  dominated with r e spec t  t o  a l l  i n -  
dices .  I n  the  second week a f t e r  t he  f i rs t  exposure t h e  
combination of the  e f f e c t s  of both f a c t o r s  w a s  noted. 

e f f e c t s  of i r r a d i a t i o n  and v ib ra t ion  were completely 
summed . 

Conditioned motor a l imentary r e f l exes  i n  ra t s  were 

I n  the  f i rs t  week a f t e r  the  f i rs t  combined exposure 

After  the  second and t h i r d  combined exposures the  

Many published s t u d i e s  d e a l  w i th  the  combined effect of ion iz ing  radia- 
t i o n s  and f a c t o r s  of a nonradiat ion charac te r .  
t i o n  of i r r a d i a t i o n s  and the  e f f e c t  of  o the r  f a c t o r s  can complexly change not 
only the  quan t i t a t ive  c h a r a c t e r i s t i c s ,  bu t  a l s o  the  d i r e c t i o n  of r a d i a t i o n  re- 
ac t ions .  This problem w a s  considered i n  a review a r t i c l e  published ea r l i e r  
(Livshi t s ,  1964). 
ves t iga ted  only r e c e n t l y  due t o  the  new importance of t h i s  problem f o r  space 
biology and medicine. 

It i s  shown t h a t  a combina- /236 

The j o i n t  e f f e c t  of v ib ra t ion  and i r r a d i a t i o n  has  been in -  

It w a s  es tab l i shed  t h a t  t h e  preliminary,  and i n  some s tud ie s ,  a l so  
subsequent exposure t o  v ib ra t ion  can change many r a d i a t i o n  r eac t ions  



(Ganshina, 1961; Antipov e t  a l . ,  1963; Arsen'yeval; Demin, 1964; Par in  e t  
a l . ,  1965). 

The s tud ie s  Tonducted by our group demonstrated t h a t  under t h e  inf luence  of 
v ibra t ion  the re  i s  an appreciable change of t he  r eac t ion  of d i f f e r e n t  p a r t s  of 
the CNS t o  i r r a d i a t i o n  (Apanasenko, 1964b; Apanasenko, Kuznetsov, 1964; 
Kuznetsova, 1964b; Lukyanova, 1963, 1 9 6 4 ~ ) .  
of v ibra t ion  and ion iz ing  r ad ia t ions  on higher  nervous a c t i v i t y  could not  be 
found i n  the  ava i l ab le  l i t e r a t u r e .  Our objec t ive  w a s  study of t h i s  problem. 

Inves t iga t ions  of the  combined ef fec t  

Data and Method 

The experiments were ca r r i ed  out  wi th  mature male Wistar r a t s .  A t  the  
beginning of the  experiment t he  r a t s  were 12-14 months old. 
ves t iga t ing  t h e  conditioned r e f l exes  and preparing the  animals was described 
i n  our preceding a r t i c l e  i n  t h i s  co l l ec t ion .  

The method f o r  i n -  

The r a t s  were divided i n t o  two equal  groups. One group was subjected 1237 
t o  the  e f f e c t  of whole-body v e r t i c a l  v i b r a t i o n  wi th  a frequency of 70 cps, 
amplitude of 0.4 mm, and dura t ion  of 15 min and soon a f t e r  t h i s  t o  X- i r rad ia t ion  
i n  a dose of 50 r under the  following conditions:  RUP-11 apparatus,  200 kV, 
f i l t e r s  of Cu 0.5  mm: Al 0.75 mm, sk in- foca l  length  49 em, dura t ion  of exposure 
1.5 min. The r a t s  of t h e  o the r  group w e r e  i r r a d i a t e d  i n  the  same dose under 
these  same condi t ions.  P r i o r  t o  i r r a d i a t i o n ,  f o r  a per iod of 15 min they were 
near an operat ing v ib ra t ing  apparatus which w a s  accompanied by a noise  wi th  
an i n t e n s i t y  of about 75 db. The cont ro l  r a t s  were s i t ua t ed  near the  operat ing 
v ibra t ing  apparatus f o r  15 min and then  were placed i n  an X- i r rad ia t ion  cham- 
ber ,  but were not  i r r a d i a t e d .  There were t h r e e  exposures: the  pause between 
the  f i r s t  and second exposures was 14 days, and the  in t e r rup t ion  between the  
second and t h i r d  exposures w a s  7 days. 

Half the  ra t s  used i n  both the  experimental  and cont ro l  groups were char- 
ac te r ized  before the  exposure by a high l e v e l  of conditioned r e f l exes  with 
co r rec t  i n t e n s i t y  r e l a t i o n s ,  absolute  d i f f e r e n t i a t i o n s ,  absence of e x t i n c t i o n  
of conditioned reflexes and a s t ab le ,  conditioned r e f l e x  background. I n  t h e  
remaining rats t h e  mean l e v e l  of conditioned reflexes was somewhat lower; 
there  were cases of t he  ex t inc t ion  of conditioned r e f l exes  and phase phenomena, 
most f requent ly  a t  a low l eve l ,  t he  d i f f e r e n t i a t i o n s  i n  l a r g e  p a r t  were rela- 
t i v e  and the  conditioned r e f l e x  background w a s  no t  e n t i r e l y  s t a b l e .  Test ing 
with d a i l y  s t a rva t ion  and ex t inc t ion  and r e s t o r a t i o n  of t h e  conditioned r e f l e x  
were withstood by a l l  r a t s  t o  the  same degree. 

'Reference i s  t o  an a r t i c l e  in :  
Z .  I. Apanasenko, M. A. Kuznetsova, L. D. Luk'yanova and Ye. S. Meyzerov. In- 
f luence of Space F l i g h t  Factors  on Some Body Functions (Vliyaniye fac torov  
kosmicheskogo po le t a  na nekotoryye f u n k t s i i  organizma) ( i n  p r e s s ) .  

G .  M. Frank, N .  N .  L ivsh i t s ,  M. A. Arsen'yeva, 



The s i m i l a r i t y  of t h e  makeup of t he  ra t s  i n  the  groups w a s  ensured by the 
f a c t  t h a t  each r a t  subjected t o  the  j o i n t  exposure had a pa r tne r  with s imi l a r  
i nd ices  of higher nervous a c t i v i t y  i n  the  i r r a d i a t e d  group. 

P r i o r  t o  the  experiment t h e  experimental animals w e r e  used as cont ro ls .  
P r i o r  t o  the  end of t he  inves t iga t ion  it w a s  poss ib le  t o  use only e i g h t  ra t s  
i n  each'group; the  r e s u l t s  of experiments on these  ra t s  w e r e  used f o r  s t a t i s t i -  
c a l  processing. 

I n  addi t ion  t o  the  p r i n c i p a l  groups of animals, fou r  rats were subjected 
t o  the  exposure; t h e i r  pa r tne r s  died from random i l l n e s s e s  a t  d i f f e r e n t  s tages  
of the  work. The da ta  obtained wi th  these  r a t s  w e r e  no t  included i n  t h e  
s t a t i s t i c a l  processing and are described separa te ly .  

Results of  Inves t iga t ions  

During the e n t i r e  period of t he  inves t iga t ions  the  experimental  and con- 
t r o l  r a t s  remained i n  good condi t ion and w e r e  ac t ive .  

During and a f t e r  t h e  experiment the average weight of t h e  r a t s  i n  a l l  
groups remained constant  ( tab le  1). 

I n  order  t o  avoid an inf luence on the  conditioned reflexes by the  1238 
procedure of taking blood samples, t h e  hematological ind ices  of t h e  o the r  
groups of r a t s w e r e  inves t iga ted  a f t e r  they  had been subjected t o  the  same fac-  
t o r s  a s  t he  p r inc ipa l  experimental  groups. 

The content of leukocytes  i n  the  pe r iphe ra l  blood of rats subjected t o  ir- 
r a d i a t i o n  and combined f a c t o r s  decraased by 20-50 percent ,  compared wi th  t h e  
i n i t i a l  l e v e l .  The ind iv idua l  v a r i a b i l i t y  of t he  leukopenic r eac t ion  w a s  so  
g rea t  t h a t  it was not  poss ib le  t o  de t ec t  d i f fe rences  between the  groups on t h e  
b a s i s  of our data.  

I n  t h i s  s e r i e s  of experiments the  changes of t h e  conditioned r e f l e x  ac t iv -  
i t y  i n  the  cont ro l  group w e r e  expressed very weakly. After t h e  f i rs t  exposure 
the re  was an i n s i g n i f i c a n t  and s t a t i s t i c a l l y  un re l i ab le  decrease of t he  in ten-  
s i t y  of conditioned r e f l exes  t o  both i r r i t a n t s  by 3-7 percent ,  compared wi th  
the  i n i t i a l  l e v e l .  La te r  t he  i n t e n s i t y  of these reflexes exceeded the  i n i t i a l  
l e v e l  by 10  percent  and f luc tua ted  near it, varying by *15 percent  ( f i g s .  1 
and 2 ) .  

We w i l l  exp la in  t h i s  absence i n  the  p r i n c i p a l  groups of rats of t h e  
"August" l i n e ,  whose conditioned reflex background w a s  t h e  l e a s t  s t a b l e .  

The e f f e c t  of whole-body X- i r rad ia t ion  i n  t h e  doses which we used on t h e  con- 
d i t ioned  re f lexes  of rats w a s  inves t iga ted  i n  d e t a i l  on the  b a s i s  of extensive 
da ta  obtained by L.  I .  Kotlyarevskiy and h i s  a s soc ia t e s  (1956; 1958a,b). 
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- 

After exposure 

They demonstrated t h a t  r a d i a t i o n  e f f e c t s  i n  these  doses cause c l e a r  
changes of conditioned r e f l e x  a c t i v i t y .  Both the  value of the  r eac t ion  t o  i r-  
r ad ia t ion  and i t s  d i r e c t i o n  a re  var iab le  and depend on the type of higher  
nervous a c t i v i t y  of t he  animal. 

I n  our experiments t h e  e f f e c t s  of i r r a d i a t i o n  were e s s e n t i a l l y  c lose  t o  
those described by these  authors .  We found it more d i f f i c u l t  t o  e s t a b l i s h  the 
dependence between the  type of h igher  nervous a c t i v i t y  and the  r eac t ion  t o  i r r a -  
d i a t ion  due t o  the  small  number of animals and the absence of a f u l l  inves t iga-  
t i o n  of the type; t he re fo re  here, a s  i n  the  preceding a r t i c l e ,  w e  consider it 
more proper t o  speak of ind iv idua l  r a t h e r  than  typologica l  d i f fe rences .  

A f t e r  the  f i rs t  i r r a d i a t i o n  the re  w a s  an increase of the  mean t o t a l  /239 
i n t e n s i t y  of t he  conditioned r e f l exes  i n  most (six of e i g h t )  r a t s  ( f i g .  1). 
I n  t h i s  case the  p o s i t i v e  conditioned r e f l e x  t o  tone (tone+) increased, and the  
r e f l e x  t o  l i g h t  decreased i n s i g n i f i c a n t l y  ( f i g .  2). Therefore, the  proper 
re la t ionships  between t h e  i n t e n s i t y  of t h e  i r r i t a n t  and t h e  value of t h e  r eac t ion  
during the f i rs t  week a f t e r  i r r a d i a t i o n  not  only pe r s i s t ed ,  but  became s t i l l  
c l ea re r  than before  i r r a d i a t i o n .  

A decrease of t he  i n t e n s i t y  of the conditioned r e f l exes  was observed i n  
only two rats. I n  one of them the  r eac t ions  decreased t o  both i r r i t a n t s ,  and 
i n  the  second only t o  l i g h t .  The d i f f e r e n t i a t i o n  among t h e  i r r a d i a t e d  r a t s  
not  only w a s  maintained, bu t  i n t e n s i f i e d  considerably ( f i g .  3), desp i t e  an i n -  
crease of the conditioned reflex coupled t o  it. I n  the  second week a f t e r  ir- 
r ad ia t ion  the  conditioned reflexes began t o  decrease; i n  four r a t s  (NOS. 18, 
8, 7, 11) t h e i r  values f e l l  below t h e  i n i t i a l  l e v e l .  The r e s u l t i n g  curve i n  
t h i s  period a l s o  passes  below the  i n i t i a l  l e v e l .  The number of experiments i n  
which phase phenomena were observed did not  increase,  but  t he  averaged da ta  
show t h a t  the  conditioned reflex t o  a s t rong  i r r i t a n t  tone+ suffered more 
than the conditioned reflex t o  weak l i g h t  ( f i g .  2) .  

/240 

The d i f f e r e n t i a t i o n s  i n  t h i s  group remained i n t a c t  ( f i g .  3 ) .  I n  most ( s i x  
of e i g h t )  of t he  rats the  r eac t ion  t o  d i f f e r e n t i a t i o n  decreased. I n  t h e  two 
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Figure 1. Influence of i r r a d i a t i o n ,  v ib ra t ion  and 
combined exposure of v i b r a t i o n  and i r r a d i a t i o n  on t o t a l  
i n t e n s i t y  of conditioned r e f l exes .  
Along x-axis  - -  time i n  weeks. Along y-axis--mean 
group changes of p a r t i c u l a r  index, expressed i n  
percent i n  r e l a t i o n  t o  mean i n i t i a l  l e v e l .  The 
arrows denote the  days of exposure. 1, cont ro l  
r a t s ;  2, group of r a t s  subjected t o  v ibra t ion ;  
3, i r r a d i a t e d  group of r a t s ;  4, group of r a t s  ex- 
posed t o  v ib ra t ion  with subsequent i r r a d i a t i o n .  
Ver t i ca l  l i n e s  on the  curves represent  mean e r r o r  
mul t ip l ied  by "t" wi th  P < 0.05. 
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Figure 2. Inf luence of i r r a d i a t i o n ,  v ib ra t ion  and 
combined exposure t o  v ib ra t ion  and i r r a d i a t i o n  on 
i n t e n s i t y  of conditioned r e f l exes  i n  response t o  
s t rong and weak pos i t i ve  s t imul i .  
1, 2, 3, 4, conditioned r e f l exes  t o  s t rong  stimu- 
l u s  (tone+);  l a ,  2a, 3a, 4a, conditioned r e f l exes  
t o  weak stimulus ( l i g h t ) .  Remaining nota t ions  
same as i n  f i g .  1. 
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Figure 3. Inf luence of  i r r a d i a t i o n ,  v ib ra t ion  and 
combined exposure t o  v i b r a t i o n  and i r r a d i a t i o n  on 
d i f f e r e n t i a t e d  inh ib i t i on .  
Along y-axis -- r eac t ion  t o  d i f f e r e n t i a t i o n  ( tone-) ,  
expressed i n  percent  of mean i n i t i a l  l e v e l .  R e -  
maining no ta t ions  same a s  i n  f i g .  1. 

ra ts  i n  which the  r eac t ion  t o  d i f f e r e n t i a t i o n  w a s  i n t e n s i f i e d  the  r a t i o  of the  
value of t he  r eac t ion  t o  d i f f e r e n t i a t i o n  t o  t h e  r eac t ion  t o  the  p o s i t i v e  

i r r i t a n t  paired wi th  it (index - tone-) never the less  decreased. tone+ 

As was demonstrated i n  the  preceding a r t i c l e ,  t h e  e f f e c t  of t he  f i rs t  ex- 
posure t o  v ib ra t ion  was d i r e c t l y  opposite.  For convenience i n  comparison 
these da ta  were p lo t t ed  i n  f i g u r e s  1, 2 and 3. A f t e r  the  f i r s t  v ib ra t ion  t h e  
conditioned r e f l exes  f o r  both i r r i t a n t s  decreased. The maximum changes were 
discovered i n  t h e  conditioned r e f l e x  t o  a s t rong  i r r i t a n t ,  i n  which a tendency 
t o  impairment of co r rec t  i n t e n s i t y  r e l a t i o n s  w a s  manifested. The mean value 
of the r e f l e x  t o  d i f f e r e n t i a t i o n  decreased, but  a d i s i n h i b i t i o n  of d i f f e ren -  
t i a t i o n  w a s  observed i n  ind iv idua l  cases i n  those of t he  ra t s  wi th  l e a s t  ex- 
pressed decrease of pos i t i ve  condi t ions.  

I n  the  second week a f t e r  exposure t o  v ib ra t ion  t h e  conditioned reflexes 
increased, without reaching t h e  i n i t i a l  l e v e l ,  and s ince  a t  t h i s  t i m e  t h e  in -  
t e n s i t y  of t h e  conditioned r e f l exes  i n  t h e  i r r a d i a t e d  rats had decreased, t he  
mean values of t he  group ind ices  converged. 
bined exposure, a f t e r  the  f irst  exposure t h e  v ib ra t ion  e f f e c t s  predominated 
completely. 

I n  the  group subjected t o  com-/241 

The conditioned reflex t o  tone+ decreased i n  seven of t he  e i g h t  ra t s  and 
only i n  one was t h e r e  an i n s i g n i f i c a n t  increase.  The conditioned reflex t o  
l i g h t  suffered t o  a lesser degree; i t s  in tens i ty  decreased i n  only f i v e  r a t s ,  
but t he  mean group value w a s  lower than  the  i n i t i a l  l e v e l .  A tendency t o  
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Figure 4. Inf luence of i r r a d i a t i o n ,  v ib ra t ion  and 
combined exposure t o  v i b r a t i o n  and i r r a d i a t i o n  on 
l a t e n t  per iods of conditioned r e f l exes .  
Notations same as  i n  f i g s .  1 and 2. 
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dis rupt ion  of the proper i n t e n s i t y  r e l a t i o n s ,  a s  i n  the  vibrated group, i s  
c l e a r l y  seen from the  averaged da ta  i n  f i g u r e  2. The dynamics of t he  changes 
of the  l a t e n t  periods of t h e  conditioned r e f l exes  a re  shown i n  f i g u r e  4. 

The decrease of t he  i n t e n s i t y  of the  r e f l e x  t o  tone+ a f t e r  j o i n t  exposure 
was l e s s  c l e a r l y  expressed than  a f t e r  v ibra t ion .  However, quan t i t a t ive  com- 
par ison of the reac t ions  of these groups w a s  impossible, because t h e i r  makeup 
was d i s s imi l a r .  A r igorous i d e n t i t y  of makeup was ensured i n  the  groups sub- 
jec ted  t o  i r r a d i a t i o n  and j o i n t  exposure, which we w i l l  compare s t a t i s t i c a l l y .  

I n  f i v e  of t he  e i g h t  animals subjected t o  the j o i n t  exposure the in -  1242 

dex - increased. I n  fou r  cases t h i s  a l s o  was accompanied by an increase of 

the absolute value of t he  r eac t ion  t o  d i f f e r e n t i a t i o n .  I n  four  of t he  f i v e  
r a t s  wi th  d is rupted  d i f f e r e n t i a t i o n s ,  t h e  pos i t i ve  r e f l exes  suffered t o  a 
l e s s e r  degree. Due t o  the  d i s s i m i l a r i t y  of the r e s u l t s ,  these da ta ,  a s  i n  the  
group subjected t o  v ibra t ion ,  were unre l iab le .  However, the  similari t ies 
between e f f e c t s  of j o i n t  exposure and v ib ra t ion  f o r  t h i s  index cannot e a s i l y  be 
considered random. 

tone - 
tone+ 

I n  the  second week a f t e r  the  f irst  i r r a d i a t i o n ,  when t h e  conditioned re -  
f l exes  t o  tone+ i n  the  vibrated r a t s  began t o  be res tored ,  bu t  decreased i n  the  
i r r a d i a t e d  r a t s ,  the  group values of these  ind ices  decreased. I n  r a t s  sub- 
jec ted  t o  j o i n t  exposure the  mean i n t e n s i t y  of t he  conditioned r e f l e x  t o  tone+ 
remained t h e  same as  i n  the  first week a f t e r  the  exposure. 

The dynamics of the  changes of t h i s  index occupied an intermediate  posi-  
t i o n  between the d i r e c t i o n  of t he  e f f e c t s  i n  the  i r r a d i a t e d  and vibrated r a t s ,  
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but  the  value of t he  changes r e l a t i v e  t o  the  i n i t i a l  l e v e l  w a s  g r e a t e r  than 
under the  influence of each of these  f a c t o r s  separa te ly .  A s  can be seen from 
f igure  2, the  mean group d i f fe rences  according t o  t h i s  index s t i l l  were small 
and obviously un re l i ab le ,  bu t  i n  the  subsequent s tages  of the inves t iga t ion  
they were i n t e n s i f i e d  . 

The conditioned r e f l e x  t o  l i g h t  i n  rats subjected t o  combined expo- /243 
sure  decreased somewhat, and i t s  changes w e r e  considerably c l o s e r  t o  those 
fo r  the vibrated animals than i n  the i r r a d i a t e d  animals. Thus, t h e  t o t a l  
domination of t he  v ib ra t ion  e f f e c t s  i n  the  course of t he  f i rs t  week a f t e r  j o i n t  
exposure w a s  replaced i n  t h e  second week by a combination of the  e f f e c t  of 
v ibra t ion  and i r r a d i a t i o n  charac te r ized  by par t ia l ,  temporar i ly  incomplete 
and un re l i ab le  summation. 

A f t e r  the second i r r a d i a t i o n  the  conditioned r e f l exes  i n  s i x  of t h e  e i g h t  
r a t s  f e l l  below the  i n i t i a l  l eve l ;  i n  one r a t  (No. 7) ,  i n  which the  conditioned 
re f lexes  e a r l i e r  had increased, they  returned t o  the  i n i t i a l  l e v e l .  The i n -  
s i g n i f i c a n t  decrease of t h e  mean values of t h e  conditioned r e f l e x  t o  tone+ 
can be a t t r i b u t e d  t o  a sharp increase of t h i s  index i n  only one r a t  (No. 12 ) .  
Due t o  the  g r e a t  s c a t t e r ,  the  pos i t ion  of t h i s  po in t  i s  not  r e l i a b l e .  The con- 
d i t ioned  r e f l e x  t o  l i g h t  suf fe red  less than  the  r e f l e x  t o  tone and t h e  tendency 
t o  a d is rupt ion  of force  re la t ionships ,  which can be seen i n  f i g u r e  2, although 
the  number of experiments wi th  obvious phase phenomena was not  increased.  I n  
three  ra ts  there  was a s m a l l  d i s i n h i b i t i o n  of d i f f e r e n t i a t i o n s  with an increase 

tone- of t he  index - tone+ * 

The t h i r d  i r r a d i a t i o n  caused f u r t h e r  a t t enua t ion  of  t h e  s t imula t ion  proc- 
ess .  The conditioned reflexes t o  tone+ were considerably lower than the  
i n i t i a l  l e v e l  i n  seven of  t he  e i g h t  ra ts ,  and i n  only  one r a t  (No. 12 )  did the  
r e f l ex  increase .  

The conditioned r e f l exes  t o  l i g h t  suf fe red  somewhat less. After  t h e  sec- 
ond i r r a d i a t i o n  they  decreased i n  f ive,  while  a f t e r  t h e  t h i r d ,  i n  s i x  r a t s .  The 
mean decrease of  the i n t e n s i t y  of the  r e f l e x  t o  l i g h t  w a s  less  c l e a r l y  ex- 
pressed than  the  decrease of the r e f l e x  t o  tone.  D i f f e ren t i a t ion  was disrupted 
i n  two r a t s .  

Figure 2 shows t h a t  a t  t h i s  s tage  the  conditioned r e f l exes  decreased both 
under the  inf luence of v ib ra t ion  and under the  inf luence of i r r a d i a t i o n .  The 
d i f fe rences  were t h a t  i n  the  i r r a d i a t e d  animals t he  conditioned reflexes suf-  
fered more from s t rong  s t imuli ,  while i n  t h e  v ib ra t ed  animals, more from weak 
s t imul i .  

A f t e r  the  second and t h i r d  j o i n t  exposures the  decrease of conditioned 
re f lexes  w a s  f a r  sharper  than  i n  the  case of separa te  appl ica t ion  of v ibra t ion  
and i r r a d i a t i o n ,  and the  d i f fe rence  w a s  re l iab le  according t o  S tudent ' s  t e s t  
both f o r  the mean t o t a l  i n t e n s i t y  of t he  conditioned r e f l exes  and f o r  r e f l exes  
t o  tone+ and l i g h t  (P < 0.05). 

I n  t h i s  group t h e  conditioned r e f l exes  t o  both s t imu l i  decreased below the  
i n i t i a l  l e v e l  i n  a l l  ra t s  without exception, and the  decrease was more 
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considerable than i n  the  i r r a d i a t e d  animals. The changes of l a t e n t  per iods of 
conditioned r e f l exes  w e r e  a l s o  sharper  ( f i g .  4).  

Quant i ta t ive comparison of t he  e f f e c t s  of combined and v i b r a t i o n  expo-/244 
sure  i s  impossible f o r  t h e  reasons mentioned above, bu t  t h e r e  is no b a s i s  
f o r  considering our da ta  on the  e f f e c t  of v ib ra t ion  t o  be understated.  I n  t h e  
group subjected t o  v ibra t ion ,  t he re  w e r e  two "August" ra t s  which i n  reac-  
t i o n s  t o  v ib ra t ion  considerably exceeded the  r eac t ions  i n  rats of t h e  "Wistar" 
l i n e  used i n  t h i s  study. I n  addi t ion ,  a s  demonstrated by the  con t ro l  exper i -  
ments, t he  "Wistar" ra t s  were a l s o  less s e n s i t i v e  t o  nojse,  and the re fo re  we 
can assume t h a t  t h e  e f f e c t  of combined exposure i n  any case w a s  n o t  less than  
the sum of  the e f f e c t s  of i r r a d i a t i o n  and v ibra t ion .  

The r eac t ions  t o  d i f f e r e n t i a t i o n  i n  th i s  group decreased considerably i n  
s i x  of the  e i g h t  r a t s ,  which probably was r e l a t e d  t o  a sharp decrease of t he  
conditioned r e f l e x  t o  a p o s i t i v e  st imulus.  The s m a l l  d i f f e r e n t i a t i o n  d i s i n -  
h i b i t i o n  i n  two rats was accompanied only by an increase  of t h e  index 

tone- 
tone+ * The mean group indices  of the r eac t ion  t o  d i f f e r e n t i a t i o n  i n  r a t s  sub- 

jec ted  t o  j o i n t  exposure w a s  lower than  i n  i r r a d i a t e d  rats.  This can be re- 
l a t e d  t o  the  summing of conditioned inh ib i t i on ,  wi th  a p ro tec t ive  i n h i b i t i o n  
more c l e a r l y  expressed i n  the f i r s t .  

The r e l a t i o n s  of t h e  re f lexes  t o  weak and s t rong s t i m u l i  i n  rats after 
the second and t h i r d  combined exposures occupied an intermediate  p o s i t i o n  be- 
tween the  changes of these  ind ices  i n  i r r a d i a t e d  and v ibra ted .an imals .  After 
i r r a d i a t i o n  a t  these  s tages  the re  i s  a g r e a t e r  d i s rup t ion  of the  conditioned 
r e f l e x  t o  a s t rong stimulus,  and a f t e r  app l i ca t ion  of  v ib ra t ion  - -  t h e  condi- 
t ioned r e f l e x  t o  a weak stimulus.  A f t e r  j o i n t  exposure t h e  i n t e n s i t y  of both 
r e f l exes  decreased i n  r e l a t i o n  t o  the  i n i t i a l  l e v e l  t o  an equal  degree. 

Although on the  graph for averaged da ta  i n  t h i s  group t h e r e  i s  an in s ig -  
n i f i can t  d i s rup t ion  of force  r e l a t ionsh ips ,  t h e  number of obvious phase. 
phenomena a t  a low l e v e r  i n  t h i s  pe r iod  increased  r e l i a b l y  i n  comparison with 
the i n i t i a l  background. 

W e  expressed the  number of phase phenomena i n  percent  t o  the  number of  
present  conditioned reflexes, because the  e x t i n c t i o n  of conditioned r e f l e x e s  a t  
t h i s  t i m e  w a s  observed f r equen t ly  and it w a s  necessary t o  take  them i n t o  
a c count . 

A s  pointed out  i n  the  preceding a r t i c l e ,  i n  t he  v ibra ted  ra t s  the re  w a s  
a l s o  an increase  of t he  number of phase phenomena. However, i n  t h i s  case re- 
l i a b l e  changes were observed only i n  the  s t a t i s t i c a l  processing of t h e  compo- 
s i t e  da ta  a f t e r  a l l  exposures. 

I n  t h e  i r r a d i a t e d  animals both conditioned reflexes decreased uniformly i n  
a l l  experiments, w i th  less c l e a r l y  expressed d i s rup t ion  of t h e  r e a c t i o n  t o  t h e  
weaker st imulus.  However, the r a t i o  of t he  number of obvious phase phenomena 
t o  t h e  number of present  conditioned r e f l exes  remained v i r t u a l l y  unchanged /245 
( f ig .  5 ) .  
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Figure 5 .  Number of phase phenomena a f t e r  
second and t h i r d  exposures t o  i r r a d i a t i o n ,  
v ib ra t ion  and v ib ra t ion  wi th  subsequent 
i r r a d i a t i o n .  
Along y-axis -- number of phase phenomena 
a t  low l e v e l ,  expressed i n  percent  of num- 
ber  of conditioned r e f l exes  present .  
a,  Combined e f f e c t  of v i b r a t i o n  and subsequent 
i r r a d i a t i o n ;  b, i r r a d i a t i o n ;  e ,  v ibra t ion .  
Ver t i ca l  l i n e s  on bars represent  mean e r -  
rors mult ipl ied by "t" wi th  P C 0.01. 

Beginning wi th  the  t h i r d  week a f t e r  the  end of the  exposure i n  the  r a t s  
subjected t o  v ib ra t ion  wi th  subsequent i r r a d i a t i o n ,  the  r e l a t i v e  i n t e n s i t y  of 
the conditioned r e f l e x  t o  l i g h t ,  wi th  respec t  t o  averaged da ta ,  exceeded the 
conditioned r e f l e x  t o  tone,  but  the  d i f fe rences  between t h e  experimental 
groups i n  t h i s  case were not smoothed and increased s t i l l  more ( f i g .  2) .  
beginning with the  f i f t h  week a f t e r  the  end of exposure were the  conditioned 
re f lexes  t o  tone comparable i n  both experimental groups, not  a t t a i n i n g  the  
i n i t i a l  l e v e l .  Data obtained l a t e r  than the  f o u r t h  week a f t e r  ending of ex- 
posure should be checked, s ince  by t h i s  t i m e  some of the  r a t s  had d i e d  from 
random i l l n e s s e s  and t h e  number of remaining r a t s  w a s  inadequate f o r  s ta t is-  
t i c a l  processing. 

Only 

A t  a l l  s t ages  of the inves t iga t ion  during the t i m e  of exposure and i n  the 
four-week period af ter  terminat ion of exposure t h e  d i s rup t ions  of the  condi- 
t ioned r e f l ex  a c t i v i t y  i n  rats subjected t o  combined exposure were more severe 
than  i n  the  i r r a d i a t e d  group. 

Summary data  on the  d i f f e rences  of changes of t he  values  of conditioned 
r e f l exes  i n  the groups of rats subjected t o  i r r a d i a t i o n  and the  e f f e c t  of 
v ib ra t ion  with subsequent i r r a d i a t i o n  a r e  given i n  t ab le  2. 

Although a t  some s t ages  the  d is rupt ions  of fo rce  r e l a t ionsh ips  i n  t h e  
i r r a d i a t e d  r a t s  were more c l e a r l y  expressed, we be l ieve  t h a t  combined exposme 
caused a sharper  p ro tec t ive  i n h i b i t i o n  than i r r a d i a t i o n .  I n  rats subjected t o  



TABLE 2. DIFFERENCES I N  CHANGES OF CONDITIONED REFLMES I N  RATS 
SUBJECTED TO IRRADIATION ANDCOMBINED EFFECT OF VIBRATION AND 
" I I A T I O N .  

Invest igated index of 
higher nervous a c t i v i t y  

.~ - 

Decrease of mean t o t a l  inten-  
s i t y  of conditioned r e f l exes  

Decrease of mean i n t e n s i t y  of 
conditioned reflex t o  tone+ 

Decrease of mean i n t e n s i t y  of  
conditioned reflex t o  l i g h t  

_ _  .. 

Degree of change of p a r t i c u l a r  index 
- . .  

I r r a -  
d ia ted  
ra t s  

L e s s  than 

L e s s  than  

Less than 

~ _ -  

R a t s  
iubjected tc 
:ombined ex- 

posure 

More than 

More than 

More than  

PJ 
according 
t o  median 

t e s t  

<o. 01 

<O .05 

<o .01 

j o i n t  exposure, t he  l e v e l  of  t h e  conditioned r e f l exes  t o  both s t imu l i  always 
w a s  very much luwer than i n  the i r r a d i a t e d  group, and therefore  t h e i r  h igher  
nervous a c t i v i t y  w a s  c l o s e r  t o  the i n h i b i t i o n  phase. 

I n  add i t ion  t o  the  p r i n c i p a l  groups, four  o ther  rats were subjected t o  
exposure; the  r e s u l t s  of experiments on these  rats were not  included i n  the  
s t a t i s t i c  processing. One r a t  (No. 16) d i f fe red  sharp ly  from our o the r  ex- 
perimental  animals w i th  r e spec t  t o  t h e  ind ices  of t h e  i n i t i a l  l e v e l .  I n  t h i s  
case there  w e r e  no p o s i t i v e  conditioned re f lexes .  During the  l a s t  two weeks 
p r i o r  t o  the  exposure, 79 percent  of t he  conditioned r e f l exes  disappeared /246 
i n  t h i s  r a t .  Despite such low-level conditioned re f lexes ,  t h e  d i f f e r e n t i a t i o n s  
were not absolute .  I n  con t r a s t  t o  r a t  No. 4, described i n  the preceding a r -  
t i c l e ,  i n  r a t  N o .  16 s t a r v a t i o n  did not  cause a decrease,  bu t  ins tead  an in-  
crease of the conditioned r e f l exes  with d i s i n h i b i t i o n  of d i f f e r e n t i a t i o n s ,  and 
noise (presence near an operat ing v ib ra t ing  apparatus f o r  15 min) exerted no 
s ign i f i can t  influence on the  conditioned r e f l exes .  This  r a t  w a s  subjected t o  
the combined e f f e c t  of i r r a d i a t i o n  and v ibra t ion .  I n  t h i s  r a t  t he  e f f e c t s  
caused a sharp  increase of conditioned reflexes and d i s i n h i b i t i o n  of d i f f e ren -  
t i a t i o n s ,  l a t e r  replaced by a decrease of these  r e f l exes  below the  i n i t i a l  
l e v e l  ( f i g s .  6 and 7 ) .  
i r r a d i a t e d  group, we d id  not  include t h e  experimental  r e s u l t s  f o r  t h i s  animal 
i n  the  s t a t i s t i c a l  processing. 

Due t o  the  absence of a pa r tne r  f o r  t h i s  rat i n  the  

W e  a l s o  prepared th ree  p a i r s  of "August" rats f o r  exposure. However, /247 
i n  each p a i r  one r a t  died of d i f f e r e n t  i l l n e s s e s  i n  the  e a r l y  s tages  of 
the  work, and the  remaining l i v i n g  animals d i f f e red  s o  sharp ly  from one another  
with respec t  t o  the  ind ices  of higher nervous a c t i v i t y  t h a t  they  could not  be 
par tners .  One of these  rats (2)  w a s  subjected t o  i r r a d i a t i o n  and two (15 and 
19) were exposed t o  the  combined f a c t o r s .  The r e s u l t s  of experiments on ra t s  
Nos. 2 and 19 w e r e  s imi l a r  t o  those  observed f o r  rats of t he  corresponding 
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t t !  
Figure 6 . In f luence  of combined 
exposure t o  v i b r a t i o n  and i r ra-  exposure t o  v ib ra t ion  and i r -  
d i a t i o n  on conditioned re -  r a d i a t i o n  on d i f f e r e n t i a t e d  
f l exes  of r a t  No. 16. Nota- i n h i b i t i o n  of r a t  NO. 16. 
t i o n s  same as  i n  f i g .  2. Notations same a s  i n  f i g .  3. 

Figure 7. Inf luence of combined 

p r inc ipa l  groups. I n  r a t  No. 15 the  combined exposure caused a sharp increase 
of conditioned r e f l exes  i n  a l l  s tages  of t h e  inves t iga t ion .  The conditioned 
r e f l e x  background f o r  t h i s  r a t  was unstable ,  but t he  l e v e l  of conditioned re -  
f l exes  a t  normal f o r  t h i s  r a t  was not  lower than for r a t  No. 19. 

These experiments show t h a t  an extremely s i g n i f i c a n t  increase  of condi- 
t ioned r e f l exes  a l s o  i s  possible  i n  the  case of combined exposure, but i f  the 
i d e n t i t y  of the  makeup of the canpared groups i s  ensured, t he  decrease of t he  
conditioned r e f l exes  i s  more c l e a r l y  expressed after combined exposure than  
a f t e r  i r r a d i a t i o n  alone. 

Although the  exclusion from the  s t a t i s t i c a l  processing of the  da t a  ob- 
ta ined  f o r  these rats was completely j u s t i f i e d ,  we decided t o  check, neverthe- 
l e s s ,  what inf luence on t h e  averaged da ta  would be exer ted by including the  
experiments wi th  these rats. For t h i s  purpose w e  combined the r e s u l t s  of the  
experiments on the "August" and "Wistar" r a t s  and processed them s t a t i s t i c a l l y .  
With such grouping the  conditioned r e f l exes  f o r  the  rats subjected t o  the  
combined exposure were lower according t o  the  medial tes t  than i n  the  i r r a -  
d ia ted  r a t s  (P < 0.05). 

Discussion 

I n  the r a t s  subjected t o  combined f a c t o r s  i n  t h e  s i x  days a f t e r  t h e  f i r s t  
exposure there  was complete dominance of the  v ib ra t ion  e f f e c t .  The s i m i l a r i t y  
between the changes of t he  conditioned r e f l e x  a c t i v i t y  i n  rats subjected t o  
j o i n t  exposure and v ib ra t ion  alonewas manifested wi th  r e spec t  t o  a l l  i nd ices .  
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Beginning with the  second week a f t e r  exposure the combination of e f f e c t s  
of t h e  r ad ia t ion  and dynamic f a c t o r s  became complex. 
according t o  a number of i n d i c e s , t h e  phenomena of sumnation of t h e  e fyec ts  
of both f a c t o r s  and t h e i r  in te r fe rence  began t o  appear. 

I n  the  combine? eqosu-rn,  

The dominance of t he  v ib ra t ion  e f f e c t  i n  the  e a r l y  period a f t e r  cor?-biceL 
exposure has a l ready been described by the  s p e c i a l i s t s  of  our group. This 
phenomenon was observed i n  very c l e a r  form i n  an inves t iga t ion  of  t he  e f f e c t  
of v ibra t ion  and i r r a d i a t i o n  i n  l e t h a l  doses on t h e  content and r a t e  of /248 
u t i l i z a t i o n  of oxygen i n  the  t i s s u e s  of t he  b ra in  and some ind ices  of the  
ves t ibu lar - ton ic  r e f l e x .  Our experiments show t h a t  t h i s  p a t t e r n  of behavior i s  
general  not only f o r  ox ida t ion  metaboiism of the b r a i n  and lower nervous a c t i v -  
i t y ,  bu t  a l s o  f o r  t he  higher  nervous funct5ons. This r eac t ion  i s  manifested i n  
t h e  case of combination of v ib ra t ion  wi th  f a t a l  i r r a d i a t i o n s  (Apanasenko, 
1964b; Luk'yanova, 1963, 1 9 6 4 ~ )  and wi th  i r r a d i a t i o n  i n  r e l a t i v e l y  small  doses 
(our experiments).  
int roduce e s s e n t i a l  changes i n  the  d i r e c t i o n  of t h i s  e f f e c t  ( Z .  I. Apanasenko, 
p .  2 1 ) .  Nevertheless,  such a form of r eac t ion  i s  not  un ive r sa l .  

The considerable decrease of dose i n t e n s i t y  a l s o  does not  

In  the  changes of t he  defensive unconditioned r e f l exes  under t h e  inf luence  
of v ibra t ion  with subsequent gamma i r r a d i a t i o n  i n  a dose of 600 r i n  one group 
of guinea p igs  there  w a s  dominance of the  v ib ra t ion  e f f e c t ,  while  i n  t h e  o ther  
dominance of the r a d i a t i o n  e f f e c t  (Kuznetsova, 1964b). 

We observed a d i f f e r e n t  p i c t u r e  a f t e r  repeated combined exposure. -1ccording 
t o  the  p r i n c i p a l  i nd ices  of higher nervous a c t i v i t y  - -  i n t e n s i t y  and l a t e n t  
period of the  conditioned r e f l exes  -- the  v ib ra t ion  and r a d i a t i o n  e f f e c t s  were 
completely summed. The dominance of t h e  v ib ra t ion  e f f e c t  was manifested only 
i n  an increase o f  t he  number of phase phenomena. Our da t a  d i f f e r  from the ex- 
perimental  r e s u l t s  of A. N. Ganshina (1961). During combined v i b r a t i o n  
and f r a c t i o n a l  i r r a d i a t i o n  t h i s  i nves t iga to r  found no summation of s t r u c t u r a l  
changes, which was c l e a r l y  expressed i n  the  case of a s ing le  exposure. Pos- 
s i b l y  the reason f o r  the  discrepancies  i n  the  r e s u l t s  w a s  the  d i s s i m i l a r i t y  of 
the  exposure condi t ions.  A. N. Ganshina used a four-hour v ib ra t ion  period, 
during which adaptat ion could develop sooner than i n  our experiments. 

Under our condi t ions wi th  t r i p l e  exposure t o  v ibra t ion ,  adapta t ion  phenomena 
did not a r i s e .  This w a s  demonstrated not  only i n  our experiments, but  a l s o  i n  t h e  
a r t i c l e s  by L. D .  Luk'yanova e t  al. and M. A. Kuznetsova i n  t h i s  book. 

I n  t h e  case of a s i n g l e  exposure, t h e  summation of t h e  e f f e c t s  of  t h e  indiv-  
i dua l  f a c t o r s  has not  been observed u n t i l  now i n  such obvious form. Despite 
t h e  f a c t  t h a t  both v ib ra t ion  and i r r a d i a t i o n  caused a depression of ox ida t ion  
processes i n  the b r a i n  t i s s u e s ,  no summation of e f f e c t s  occurred. Moreover, 
a t  some times the e f f e c t  of combined exposure w a s  l e s s  than  f o r  exposure t o  
r ad ia t ion  alone. 

L .  D. Lukfyanova (1964~) regards t h i s  as a manifestat ion o f  t he  p ro tec t ive  
e f f e c t  of depression of ox ida t ion  processes and p ro tec t ive  i n h i b i t i o n  caused 
by the  v ib ra t ion  f a c t o r  i n  the  higher p a r t s  of the  bra in .  These d a t a  agree 
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very w e l l  wi th  the  r e s u l t s  of  the  inves t iga t ions  of M. A.  Arsen'yeval and /249 
YU. S. Demin (1964). 

Yu. S. Demin d id  no t  f i n d  a summation o f  t h e  e f f e c t s  o f  v i b r a t i o n  and irra- 
d i a t i o n  i n  the frequency of mitoses i n  the  c e l l  nuc le i  of t he  bone marrow of 
mice, although each of these  f a c t o r s  s epa ra t e ly  caused an increase  of t he  num- 
be r  of impaired mitoses.  

M. A. Arsen'yeva noted t h a t  a f te r  exposure t o  v ib ra t ion  and subsequent i r-  
r ad ia t ion  wi th  350 r the  frequency of t h e  true chromosomal abe r ra t ions  was 
lower than  a f t e r  i r r a d i a t i o n  wi th  t h i s  same dose. It i s  therefore  extremely 
probable t h a t  the  r eac t ions  descr ibed by L. D. Lukfyanova, M. A. Arsen'yeva 
and Yu. S. Demin have s imi l a r  mechanisms. 

I n  our experiments w i th  repeated exposures the re  was no manifestat ion of a 
defensive e f f e c t  of p r o t e c t i v e  inh ib i t i on ,  although it would seem t h a t  i t s  i n f l u -  
ence should be r e f l e c t e d  pr imar i ly  i n  conditioned r e f l e x  a c t i v i t y .  It was 
d i f f i c u l t  t o  say whether the  defensive e f f e c t  of p r o t e c t i v e  i n h i b i t i o n  w a s  masked 
by the  opposi te  e f f e c t  of o ther  f a c t o r s ,  o r  whether it w a s  absent  because the  
problem of the dependence of t he  radioresis , tance of t he  CNS on i t s  func t iona l  
s ta te  s t i l l  has no t  been solved wi th  c e r t a i n t y .  Increased func t iona l  a c t i v i t y  
i n t e n s i f i e s  t h e  r ad iovu lne rab i l i t y  of t he  CNS (Sokolova, 1962).  There i s  a l s o  
an  i n t e n s i f i c a t i o n  of t h e  r ad iovu lne rab i l i t y  of func t iona l  traumatism of t h e  
CNS (Kurtsin,  1958). There a re  no spec i f i c  experimental  d a t a  on the  problem 
o f  what r e l a t i o n  of s t imula t ing  and i n h i b i t i n g  processes i n  the higher  p a r t s  of 
t h e  CNS i s  optimal f o r  c rea t ing  r ad io res i s t ance .  

The radiodefensive e f f e c t  of a depression of oxidat ion processes  i s  widely 
known, and i t s  e f f e c t  has been w e l l  s tudied a t  d i f f e r e n t  l e v e l s  of organizat ion 
o f  l i v i n g  subjec ts .  

A s  was demonstrated i n  the  preceding paper, t h e  e f f e c t s  of v ib ra t ion  on 
t h e  conditioned r e f l exes  a f t e r  the  f irst  and subsequent exposures did no t  d i f -  
f e r  appreciably from one another .  The inf luence of t h i s  f a c t o r  on oxida t ion  
processes i n  the  b ra in  t i s s u e s  a l s o  was v i r t u a l l y  i d e n t i c a l  i n  the  course of 
the f i r s t  th ree  app l i ca t ions  (Luk'yanova, 1964b; L. D.  Luk'yanova, A. V. 
Kol f t sovaJ  Ye. S. Meyzerov, Y e .  P. Kazanskaya , p. 99). However, i n  our experi-  
ments t h e  second and t h i r d  exposures t o  v ib ra t ion  occurred 1-2 weeks a f t e r  i r -  
r ad ia t ion ,  which could modify t h e i r  e f f ec t iveness .  'However, t he re  i s  now no 
bas is  f o r  thinking t h a t  t he  phase of depression of  ox ida t ion  processes was /250 
absent  a f t e r  t he  second and t h i r d  v ibra t ions .  It appears more probable t h a t  
i n  the  case of t h e  repeated combined e f f e c t s  of v i b r a t i o n  and i r r a d i a t i o n  on 
higher nervous a c t i v i t y  t h e  dec is ive  r o l e  i s  played by some mechanisms i n -  
tens i fy ing  the  r a d i a t i o n  e f f e c t  or slowing down the  r e s t o r a t i o n  processes  t o  
such an ex ten t  t h a t  t he  p ro tec t ive  e f f e c t  of t h e  oxidat ion processes i s  com- 
p l e t e l y  masked. 

'Reference i s  t o  G. M. Frank e t  a l .  (1965). 
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The masking of the  r o l e  of oxidat ion processes i n  t h e  case of combined expo- 
sure  i s  described i n  the l i t e ra ture .  A moderate physical  load a t  the  t i m e  of 
i r r a d i a t i o n  i n  a dose of 1100 r e x e r t s  a favorable e f f e c t  on the  course and 
outcome of r ad ia t ion  s ickness  i n  mice, desp i t e  t h e  f a c t  t h a t  t he  oxida t ion  
processes a t  the  time of e x p o s u e  t o  r ad ia t ion  should be increased f o r  them 
(Shcherban', 1960). 

I n  the  l i t e r a t u r e  the re  a re  ind ica t ions  t h a t  t he  r ad iovu lne rab i l i t y  of t h e  
c e l l s  of the sp ina l  cord,  determined from the  development of l a t e  radionecroses,  
has l i t t l e  dependence on t h e  concentrat ion of oxygen i n  t h e  t i s s u e .  An in-  
crease of oxygen tens ion  by a f a c t o r  of 3 increases  the  number of l a t e  radio-  
necroses by only a f a c t o r  of 1.15 (Zeman, 1963). These da ta  should only be 
used wi th  g r e a t  caut ion i n  explaining t h e  r e s u l t s  of our  s tudy.  

Zeman inves t iga ted  t h e  dependence of r ad iovu lne rab i l i t y  on oxygen stress 
i n  cerebra l  t i s s u e ,  and L. D. Luk'yanova measured the  i n t e n s i t y  of ox ida t ion  
processes.  I n  addi t ion ,  t he  oxygen e f f e c t  and change of  ox ida t ion  metabolism 
can a c t  d i f f e r e n t l y  on r a d i a t i o n  impairments of t he  s t r u c t u r e  of nervous t i s -  
sue and on such a f i n e  ind ica to r  as  changes of conditioned reflexes. 

The problem of the  l o c a l i z a t i o n  and mechanism of the  in t ens i fy ing  e f f e c t  
of v ib ra t ion  on r a d i a t i o n  e f f e c t s  i n  our  experiments r equ i r e s  s p e c i a l  inves-  
t i g a t i o n .  

Conclusions - 

1. During the f i r s t  combined exposure t o  15 min v i b r a t i o n  wi th  a frequency 
of 70 cps and an amplitude of 0.4 mm and subsequent i r r a d i a t i o n  by X-radiat ion 
with 50 r, the conditioned r e f l e x  a c t i v i t y  of ra t s  changed i n  the  course of 
s i x  days i n  the  same way as under the  inf luence of v ibra t ion .  L a t e r  t he re  w a s  
a combination of the e f f e c t s  of both f a c t o r s .  

2. Af te r  t h e  second and t h i r d  combined exposures, t he  e f f e c t s  of v i b r a t i o n  
and i r r a d i a t i o n  on conditioned r e f l e x  a c t i v i t y ,  r e l a t i v e  t o  t h e  p r i n c i p a l  ind ices  
( i n t e n s i t y  and l a t e n t  per iods  of t h e  conditioned reflexes), were completely summed. 
Dominance of t h e  v ib ra t ion  e f f e c t  appeared i n  t h e  change o f  t h e  number of  phase 
phenomena. The r e l a t i o n  of t h e  changes of t h e  condi t ioned reflexes t o  w e a k  and 
s t rong stimuli occupied an intermediate  p o s i t i o n  between t h e  change o f  t h i s  index 
f o r  v ib ra t ed  and irradiated animals. 
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deyate l lnos t l  cheloveka). I N :  Influence of Unusual Environmental 
Factors  on Higher Nervous Act iv i ty  (Vliyaniye neobychnykh faktorov 
vneshney sredy na vysshuyu nervnuyu d e y a t e l ' n o s t l ) .  
SSSR, Leningrad, pp. 76-86, 1958. 

I zda te l l s tvo  AN 

54. Butkovskaya, Z. M. Experimental Inves t iga t ion  of the  Influence of Low- 
Frequency Yibrat ion on the Character of the  Vasomotor Reaction (Ekspe- 
rimentallnoye issledovaniye vliyaniya malochastotnoy v i b r a t s i i  na 
kharakter sosudodvigatellnoy r e a k t s i i ) .  Candidate 's  Disser ta t ion ,  
Leningrad, 1951. 

55. --- Experimental Inves t iga t ion  of the  Influence of Local Vibrat ion on 
the  Character of Vasomotor Reactions (Eksperimentallnoye issledovaniye 
vl iyaniya loka l 'noy  v i b r a t s i i  na kharakter  sosudadvigatel 'nykh 
r eak t s iy )  . 
1952. 

Author 1s Summary of Candidate 1s Disser ta t ion ,  Leningrad, 

56. --- Reflex Changes of Vascular Tone Arising a s  a Resul t  of Exposure t o  
Vibration (Reflektornyye izmeneniya sosudistogo tonusa, voznikayushchiye 
v r e z u l ' t a t e  vozdeystviya v i b r a t s i i )  . IN:  Transactions of the  Com- 
memorative Session of the  Leningrad S c i e n t i f i c  Research I n s t i t u t e  of 
Work Hygiene and Professional  Diseases (Trudy Yubileynoy s e s s i i  



Leningradskogo nauchno-issledovatel'skogo instituta gigiyeny truda i 
prof. zabolevaniy). Leningrad, pp. 92-96, 1957a. 

57. --- Influence of Vibration on the Conditioned Reflex Vascular Reaction 
(Vliyaniye vibratsii na uslovnoreflektornuyu sosudistuyu reaktsiyu). 
IN: Materials on the Influence of Vibration on the Hunan Body 
(Materialy o vliyanii vibratsii na organizm cheloveka). 
PP. 88-94, 1957b. 

Leningrad, 

58. --- Influence of Whole-Body Vibration on the Vestibular Analyzer and on 
its Interrelationship with Other Analyzers (Vliyaniye obshchey vibratsii 
na vestibulyarnyy analizator i na vzaimootnosheniye yego s drugimi 
analizatorami). 
tute of Work Hygiene and Professional Illnesses (Trudy nauchnoy sessii 
instituta gigiyeny truda i profzabolevaniy). MOSCOW, pp. 68-73, 1959. 

Transactions of the Scientific Session of the Insti- 

59. Butkovskaya, Z. M. and Koryukayev, Yu. S. Use of a Vibration Stimulus 
for Determining Some Functional Changes in Workers Subjected to Produc- 
tion Conditions of Exposure to Vibration (Primeneniye vibratsionnogo 
razdrazhitelya dlya vyyavleniya nekotorykh funktsional'nykh sdvigov u 
rabochikh, podvergayushchikhsya v proizvodstvennykh usloviyakh 
vozdeystvip vibratsii). Gigiyena truda i prof. zabolevaniy, No. 1, 
PP. 9-12? 1963. 

60. Bychkovskaya, I. B. Importance of the State of the Nervous System in 
Body Reactions to X-Ray Exposure (0 znachenii sostoyaniya nervnoy 
sistemy v reaktsiyakh organizma na deystviye rentgenovskikh luchey). 
Vestnik rentgenologii i radiologii, NO. 6, pp. 10-15, 1955. 

61. Vayl', S. S. and Sarkisov, D. S. Morphology of the Stomach During Radia- 
tion Sickness (Morfologiya zheludka pri luchevoy bolezni). Arkhiv 
patologii, Vol. 21, N o .  8. pp. 17-25, 1959. 

62. Vargunina, V. M. Stomach Activity During a Combination of Radiation 
Sickness and Burns (Deyatel'nost' zheludka pri sochetanii luchevoy i 
ozhogovoy bolezni). IN: Materials of the Scientific Conference on the 
Problem "Functional Interrelationships Between Different Systems of 
the Body Under Normal.and Pathological Conditions" (Materialy nauchnoy 
konferentsii PO probleme "Funktsional'nyye vzaimootnosheniya mezhdu 
razlichnymi sistemami organizma v norme i patologii"). Ivanovo, pp. 
1006-1010, 1962. 

63. Vinikov, Ya. A., Gazenko, 0. G. Titova, L. K. and Bronshteyn, A. A. 
Morphological and Histochemical Investigations of the Labyrinth of Ani- 
mals Under Conditions of an altered Gravitational Field. Communication 1. 
Utricle (Morfologicheskiye i gistokhimicheskiye issledovaniya labirinta 
zhivotnykh v usloviyakh izmenennogo gravitatsionnogo polya. Soob- 
shcheniye 1. Utrikulyus). Izvestiya AN SSSR, seriya biologiya, No. 2, 
pp. 222-231, 1963. 



64. Vinogradov, S. I., Zvorykin, V. N., Shek, M. P., Okiyan, K. A. and 
Sitnikov, A. S. Materials on Changes of Higher Nervous Activity During 
Acceleration (Materialy ob izmeneniyakh vysshey nervnoy deyatel'nosti 
pri uskoreniyakh). Summaries of Reports of the Scientific Session on 
the Results o f  Work of the Military M,-dical Academy in 1951 (Tezisy 
dokladov nauchnoy sessii PO itogam rabot Voyennoy med. akademii za 
1951 g. ) . Leningrad, pp. 21-23, 1953. 

65. Volkov, A. M., Kandaurova, Ye. I. and Rumyantsev, G. I. On Experimental 
Study of the Influence of Whole-Boby Vibration on the Body (K voprosu 
ob eksperimental'nom izuchenii vliyaniya obshchikh vibratsiy na 
organizm). IN: Vibration and Noise (Problems Industrial and Occupational 
Pathology) (Vibratsiya i shun (Voprosy truda i profpatologii)) . 
Moscow, pp. 10-13, 1960. 

66. Volkov, A. M. and Churkov, V. Ya. General Effect of Vibration of Rail- 
road Rolling Stock on the Human Body (Obshcheye deystviye vibratsiy 
podvizhnogo sostava zheleznodorozhnogo transporta na organizm chelo- 
veka). Summaries of the Reports at the Second Scientific Conference 
on Problems of Industrial Physiology (Tezisky dokladov I1 nauchnoy konfe- 
rentsii PO voprosam fiziologii truda). Kiev, pp. 157-161, 1955. 

67. Voyachek, V. I. Present Status of the Problem of Investigation of the 
Nonauditory Function of the Labyrinth (Sovremennoye sostoyaniye 
voprosa o kolichestvennom issledovanii neslukhovoy funktsii labirinta). 
Herald of Illnesses of the Ear, Nose and Throat (Vestnik ushnykh, 
gorlovykh i nosovykh bolezney), November 1910, pp. 817-825. 

68. --- Vibration and Vibration Trauma (0 vibratsii i vibrotravme). IN: 
Military Otorhinolaryngology (Voyennaya otorinolyaringologiya). 
Moscow, pp. 156-174, 1946. 

69. Gazulov, S. A. State of the Cardiovascular System During Catapulting 
(Sostoyaniye serdechno-sosudistoy sistemy pri katapul'tirovanii). 
Candidate's Dissertation. Moscow, 1955. 

70. Galat, N. I. Influence of Vibration on Some Characteristics of the Flexor 
Reflex (VLiyaniye vibratsii na nekotoryye kharakteristiki fleksornogo 
refleksa). Trudy Leningradskogo sanitarno-gigiyen. med. instituta, 
V O ~ .  61, pp. 29-36, 1960. 

71. Gamaleya, A. N., Gyurdzhian, A. A., Koshkin, A. F., Nekrasov, V. P. and 
Simonov, P. V. Characteristics of the Post-Operative Period During 
Acute Radiation Sickness in Dogs (Osobennosti posleoperatsionnogo 
perioda pri ostroy luchevoy bolezni u sob&). Meditsinskaya Radio- 
logiya, Vol. 4, No. 4, pp. 64-49, 1959. 

72. Ganshina, A. N. Some Data on the Combined Effect of Radiation and Vibra- 
tion on the Animal Body (Nekotoryye dannyye o kombinirovannom deystvii 
radiatsii i vibratsii na organizm zhivotnykh). 
Vol. 6, No. 5, pp. 71-75, 1961. 

Med. Radiologiya, 



73. Gvozdikova, Z. M. Changes of Spinal R5flexes in Dependence on the State 
of the Hy-pothalamic Region During Acute Radiation Injury in Rabbits 
(Izmeneniya spinnomozgovykh refleksov v zavisimosti ot sostoyaniya 
gipotalamicheskoy oblasti pri ostrom luchevom porazhenii u krolikov). 
Author's Summary of Candidate's Dissertation. MOSCOW, 1965. 

74. Ginzburg, D. A. Bioelectric Activity of the Brain Cortex During the 
Diseases of Silicosis and During Vibration Angioneurosis and the Role 
of Afferent Influences in the Formation of its Changes (Bioelek- 
tricheskaya aktivnost' kory golovnogo mozga pri zabolevaniyakh sili- 
kozom i pri vibratsionnom angionevroze i roll afferentnykh vliyaniy v 
formirovanii yeye izmeneniy). Author's Summary of Candidate's Dis- 
sertation. MOSCOW, 1964. 

75. Golikov, N. V. Physiological Lability and its Changes in Basic Neu- 
ral Processes (Fiziologicheskaya labil'nost' i yeye izmeneniya v 
osnovnykh nervnykh protsessakh). 
siteta, Leningrad, 1957. 

Izdatel'stvo Leningradskovo univer- 

76. Golodets, R. G. The Asthenic State During Chronic Exposure to Ionizing 

Author's Summary of Doctoral Disser- 
Radiation (Astenicheskoye sostoyaniye pri khronicheskom vozdeystvii 
ioniziruyushchego izlucheniya). 
tation. MOSCOW, 1964. 

77. Golubentsev, D. A. and Shevyreva, N. A. Biochemical Changes During Shock 
Caused by the Combined Effect of Burn Trauma and General Irradiation 
(Biokhimicheskiye sdvigi pri shoke, vyzvannom kombinirovannym vozdey- 
stviyem ozhogovoy travmy i obshchego oblucheniya). Patologicheskaya 
Fiziologiya i Eksperimental'naya Terapiya, Vol. 4, NO. 1, pp. 14-19, 
1960. 

78. Gol'dberg, M. B., Kolomiytseva, I. A. Semagin, V. N., Sharov, A. S. and 
Sharova, Ye. V. A Semiautomatic Apparatus for Investigation of Higher 
Nervous Activity of Rats (Poluavtomaticheskaya ustanovka dlya issle- 
dovaniya vysshey nervnoy deyatel'nosti krys). 
vysshey nervnoy deyatel'nosti, Seriya patofiziologicheskaya, Vol. 10, 

Trudy Instituta 

pp. 187-198, 1962. 

79. Gorbachevskiy, F. F. Phjrsiological-Hygiene Characteristics of Vibration 
at High Frequencies (K fiziologo-gigiyenicheskoy kharakteristike 
vibratsii vysokikh chastot). 
tion, Leningrad, 1959. 

Author's Summary of Candidate's Disserta- 

80. Grayevskaya, B. M. and Keylina, R. Ya. On the Importance of the Inten- 
sity of Radiation in Damage of the Animal Body by X-Rays (K voprosu o 
zhachenii intensivnosti izlucheniya v povrezhdenii zhivotnogo organizma 
rentgenovskimi luchami). Doklady AN SSSR, Vol. 103, No. 3, pp. 425- 
429, 1955. 

81. Grayevskiy, E. Ya. and Shapiro, I. M. Cell Destruction and Repair in the 
Injury of the Body by Ionizing Radiation (Destruktsiya i reparatsiya 
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kletok pri porazhenii organizma ioniziruyushchey radiatsiyey). 
Sovremennoy Biologii, March-April, Vols. X, VII, No. 2, pp. 185-203, 
1959. 

Uspekhi 

82. Grigor'yev, Yu. G. Change of Blood Pressure During Exposure to Radiation 
(Izmeneniye krovyanogo davleniya vo vremya luchevogo vozdeystviya) . 
Med. Radiologiya, V o l .  11, No. 1, pp. 47-54, 1957. 

83. --- Materials on Study of the Reaction of the Human Central Nervous Sys- 
tem to Ionizing Radiation (Materialy PO izucheniyu reaktsii tsentral'noy 
nervnoy sistemy cheloveka na ioniziruyushchiye izlucheniya). 
Moscow, 1958. 

Medgiz, 

84. --- Functional Characteristics of Radiation Damage and Problems of Com- 
pensation of Impaired Functions (Funktsional'nayakharakteristika 
luchevykh porazheniy i voprosy kompensatsii nanzshennykh funktsiy). 
Doctoral dissertation, Moscow, 1962. 

85. --- Radiation Injuries and Compensation of Impaired Functions (Luchevyye 
porazheniya i kompensatsiya narushennykh funktsiy). 
1963 

Medgiz, Moscow, 

86. Gulyayev, P. I. Fluctuations of Rhythm and Amplitude of Physiological 
Activity on the Stimulation Threshold (Flyuktuatsii ritma i amplitudy 
fiziologicheskoy aktivnosti na poroge razdrazheniya). 
cheskiy Zhurnal SSSR, Vol. 42, No. 12, pp. 1032-1037, 1956. 

Fiziologi- 

87. Gurovskiy, N. N. Hygienic Evaluation of the Vibration Factor in the 
MI-& Helicopter (K voprosu o gigiyenicheskoy otsenke vibratsionnogo 
faktora vertoleta MI-4). Gigiyena i Sanitariya, No. 3, pp. 27-33, 
1-959. 

88. Gurfinkel', V. S., Isakov, P. K., Malkin, V. B. and Popov, V. I. Coor- 
dination of Pose and Motions of Man Under Conditions of High and Low 
Gravity (Koordinatsiya pozy i dvizheniy cheloveka v usloviyakh 
povyshennoy' i ponizhennoy gravitatsii) . 
Biologii i Meditsiny, Vol. 10, No. 11, pp. 12-17, 1959. 

B y u l l .  Eksperimental 'noy 

89. Gus'kova, A. K. Basic Principles of Diagnosis of Chronic Radiation Sick- 
ness (Osnovnyye printsipy diagnostiki khronicheskoy luchevoy bolezni). 
Meditsinskaya Radiologiya, Vol. 7, No. 3, pp. 77-85, 1962. 

90. Danilin, A. A., Lukash, I. N., Malinovskaya, T. Ya., Skvirskaya, K. B. 
and Serebryannikov, V. D. State of the Nervous System of Persons 
Working with Radioisotopes (0 sostoyanii nervnoy sistemy lits, rabo- 
tayushchikh s radioizotopami) . Med. Radiologiya, Vol. 5, No. 5, pp. 
37-43, 1960. 

91. Danileyko, V. I. Post-Gravitational Hy-pothermia (Postgravitatsionnaya 
gipoteramiya) . IN: Heat Formation in the Body (Teploobrazovaniye v 
organize). Kiev, pp. 63-64, 1964. 
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92. Darenskaya, M. G., Domshlak, M. P., Koznova, A. B. and Khrushchev, V. G. 
Gamma Source with an Activity of 3200 g-equiv of Radium (Results of 
Some Biological Experiments) (Gamma-obluchatel' s aktivnost'yu 3200 
gekv radiya (Re zul 'taty nekotorykh biologicheskikh eksperimentov) ) . 
Trudy Tashkentskoy konferentsii PO mirnomu ispol'zovaniyu atomnoy ener- 
gii. Tashkent, Vol. 3, pp. 63-70, 1961. 

93. Demarina, M. I. Characteristics of Changes of Vibration Sensitivity in 
the Clinical Examination of Injuries of the Central and Peripheral 
Nervous System (Kharakteristika izmeneniy vibratsionnoy chuvstvi- 
tel'nosti v klinike porazheniy tsentral'noy i perifericheskoy nervnoy 
sistemy) . Author's Summary of Candidate I s  Dissertation. Khar'kov, 
1954. 

94. Demin, Yu. S. Effect of General Vertical Vibration and X-Rays on the 
Nuclei of Marrow Cells in Mammals (Deystviye obshchey vertikal'noy 
vibratsii i rentgenovykh luchey na yadro kletok kostnogo mozga mleko- 
pitayushchikh). IN: Influence of Ionizing Radiations and Dynamic 
Factors on the Functions of the Central Nervous System (Vliyaniye 
ioniziruyushchikh izlucheniy i dinamicheskikh faktorov na funktsii 
tsentral 'noy nervnoy sistemy) . Izdatel' stvo "Nauka", pp. 161-182, 1964. 

95. Dmitriyev, A. S. and Kotova, N. S. Influence of Rotation on Higher 
Nervous Activity of a Healthy Man (Vliyaniye vrashcheniya na vysshuyu 
nervnuyu deyatel'nost' zdorovogo cheloveka). Summaries of Reports of 
the Nineteenth Conference on the Problem of Higher Nervous Activity 
(Tezisy dokladov XM Soveshchaniya PO probleme vysshey nervnoy 
deyatel'nosti). Leningrad, Vol. 1, pp. 119-121, 1960. 

96. --- Influence of Stimulation of the Vestibular Analyzer on Differen- 
tiated Inhibition in the Post-Rotational Period (Vliyaniye radrazhe- 
niya vestibulyarnogo analizatora na differentsirovochnoye tormozheniye 
v postvrashchatel'nom periode). IN: Problems of Corticovisceral 
Interrelations and Higher Nervous Activity (Voprosy kortikovistsera1'- 
nykh vzaimootnosheniy i vysshey nervnoy deyatel'nosti). Minsk, pp. 
156-162, 1961. 

97. Domshlak, M. P., Darenskaya, N. G., Koznova, A. B. and Khrushchev, V. G. 
Problems of the Experimental Techniques of Radiation Exposure and 
Some Radiobiological Data (Zadachi eksperimental'noy tekhniki luchevykh 
vozdeystviy i nekotoryye radiobiologicheskiye dannyye). 
Radiologiya, Vol. 4, No. 12, pp. 3-11., 1959. 

Med. 

98. Donskaya, L. V. and Stoma, M. F. Physiological Analysis of Vibration 
Effects on the Body (Fiziologicheskiy analiz vibratsionnykh vliyaniy 
na organizm). Trudy Leningrad. sanitarno-gigiyen. med. instituta, 
VOL 61, pp. 37-48, 1960. 

99. Drogichina, E. A., Rashevskaya, A. M., Yevgenova, M. V., Zorina, L. A., 
Kozlov, L. A., Kuznetsova, R. A., Ryzhkova, M. N., Senkevich, N. A., 
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i 

Solovfyev, L. V. and Shatalov, N. N .  Manual on Periodic Medical 
Examinations of Workers in Industrial Plants (Posobiye PO periodicheskim 
meditsinskim osmotram rabochikh promyshlennykh predpriyatiy). 
Moscow, 1961. 

Medgiz, 

100. Zagryadskiy, V. p. Noises and Vibrations (Shumy i vibratsii). IN: Selected 
Problems of the Physiology of Military Service (Izbrannyye voprosy 
f iziologii voyennogo truda) . Leningrad, 1957. 

101. Zaretskaya, Yu. M. Interoceptor Reactionswith the Lymph Nodes During 
Exposure of the Body to Ionizing Radiation (Interotseptivnyye reaktsii 
s limfaticheskikh uzlov pri vozdeystvii na organizm ioniziruyushchey 
radiatsii). Med. Radiologiya, Vol. 2, No. 3, pp. 20-29, 1956. 

102. Zakharzhevskiy, V. B. Influence of Functional Traumatism of the Central 
Nervous System on Interoceptive Unconditioned Reflexes During Radiation 
Sickness (Vliyaniye funktsionalfnoy travmatizatsii tsentral'noy 
nervnoy sistemy na interotseptivnyye bezuslovnyye refleksy pri luchevoy 
bolezni). Author's Summary of Candidate's Dissertation. Leningrad, 
1960. 

103. Zlotnikov, S. A. The Influence of Radiation on the Vestibular 
Function (0 vliyanii radioaktivnogo izlucheniya na vestibulyarnuyu 
funktsiyu). Summaries of Reports of the Fifth Congress of Otolaryn- 
gologists of the USSR (Tezisy dokladov5-go s"yezda otolyaringologov 
SSSR) . Leningrad, V O ~ .  55, 1958. 

104. Zuyev, G. I. State of Higher Nervous Activity Among Cleaners of Metallic 
Lithium (K voprosu o sostoyanii vysshey nervnoy deyatel'nosti u 
obruvshchikov metallicheskogo lit'ya). IN: Vibration and Noise in 
Production, Effect on Production and Reducing Their Effect (Vibratsiya 
i shum na proizvodstve, ikh Vliyaniye na organizm i bor'ba s nimi). 
Medgiz, Leningrad, pp. 91-96, 1960. 

105. --- Materials on the Influence of the Joint Effect of High-Frequency 
Noise and Vibration on Some Functions of the Human Body in Production 
(Materialy k voprosu o vliyanii kompleksnogo vosdeystviya vysokochastot- 
nogo shuma i vibratsii na nekotoryye funktsii organizma cheloveka v 
usloviyakh proizvodstva) . Author s Summary of Candidate s Dissertation. 
MOSCOW, 1962. 

106. --- Some Characteristics of Neurodynamics Among Persons Subjected to the 
Joint Effect of Noise and Vibration (Nekotoryye osobennosti neyrodi- 
namiki u lits, podvergayushchikhsya kompleksnomu vozdeystviyu shuma i 
vibratsii). Gigiyena i Sanitariya, No. 9, pp. 36-41, 1960. 

107. Zurabashvili, A. D., Kvaliashvili, A. L., Semenskaya, Ye. M., Shanidze, 
V. I., Naneyshvili, B. R., Machabeli, M. I. and Todriya, M. V. Effect 
on the Body of Closed Skull Traumas in Combination With Radiation 
Injury (Deystviye na organizm zakrytykh travm cherepa v sochetanii s 
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luchevym porazheniyem). I N :  All-Union S c i e n t i f i c  Conference on Com- 
bined Radiation I n j u r i e s  (Vsesoyuznaya nauchnaya konferentsiya po 
kombinirovannym radiatsionnym porazheniyam). 
1958 

Medgiz, Moscow, pp. 83-84, 

108. Ivanov, K .  V . ,  Zhukov, M. V.  and Molchanova, M. G .  Influence on the  
Course of Acute Radiation Sickness Exerted by Accelerations Created a t  
the Time of I r r a d i a t i o n  of Animals (Vliyaniye na techeniye os t roy  
luchevoy bolezni uskoreniy, sozdavayemykh v moment oblucheniya 
zhivotnykh). Patologicheskaya Fiziologiya i Eksperimental'naya 
Terapiya, Vol. 6, No. 5, pp. 74-75, 1962. 

109. Izosimov, G. V. and Razumeyev, A. N. Influence of Transverse Accelerations 
of Different  Duration and Magnitude on the Bioe lec t r i c  Reactions of 
the Cortex of the  Brain (Vliyaniye razlichnykh PO vel ichine i 
d l i t e l ' n o s t i  poperechnykh peregruzok na b ioe lek t r icheskiye  r e a k t s i i  
kory golovnogo mozga). I N :  Problems of Space Biology (h-oblemy 
kosmicheskoy b i o l o g i i ) .  I z d a t e l ' s t v o  AN SSSR, Vol. 11, pp. 247-254, 
1960. 

110. --- Study of Changes of the  B ioe lec t r i c  Ac t iv i ty  of the  Cortex of the  
Brain During Exposure of the  Body t o  Prolonged Transverse Accelerations 
(Izucheniye izmeneniy bioelektricheskoy ak t ivnos t i  kory g,olovnogo 
mozga p r i  vosdeystvi i  na organizm d l i t e l ' n y k h  poperechnykh peregruzok).  
I z d a t e l ' s t v o  AN SSSR, Seriya Biologicheskaya, No. 4, pp. 621-627, 
1962. 

111. I l ' inskaya ,  I. V. and Astakhova, T.  N.  Treatment of Radiat ion Sickness 
Complicated by Traumatic Shock (Lecheniye luchevoy bolezni ,  oslozh- 
nennoy travmaticheskim shokom). Meditsinskaya Radiologiya, V o l .  4, 
No. 10, pp. 38-41, 1959. 

112. Kalyayeva, T. V .  Importance of Dose I n t e n s i t y  i n  Change of Hemopoiesis 
i n  Mice During Single  Total  X-Ray I r r a d i a t i o n  (Znacheniye mosh.chnosti 
dozy v izmenenii gempoeza u myshey p r i  odnokratnom total 'nom 
obluchenii  rentgenovymi luchami). I N :  Pathological  Physiology of 
Acute Radiation Sickness (Patologicheskaya f i z i o l o g i y a  os t roy  luchevoy 
bolezni ) .  Medgiz, Moscow, pp. 182-192, 1958. 

113. --- Influence of Dose I n t e n s i t y  on Hemopoiesis i n  Rats During Single  
Total  I r r a d i a t i o n  by X-Rays (K voprosu o v l i y a n i i  moshchnosti dozy na 
gemopoez krys p r i  odnokratnom total 'nom oblucheni i  rentgenovymi 
luchami). I N :  Problems of Pathogenesis of Experimental Therapy and 
Prophylaxis of Radiat ion Sickness (Voprosy patogeneza eksperimen- 
t a l ' n o y  t e r a p i i  i p r o f i l a k t i k i  luchevoy bolezni ) .  
pp. 28-35, 1960. 

Medgiz, MOSCOW, 

114. Karpova, N.  I. Functional Changes i n  the  Central  Nervous System During 
Local Vibrat ion (0 funkts ional 'nykh sdvigakh v t s en t r a l ' noy  nervnoy 
sistemy p r i  mestnoy v i b r a t s i i ) .  
gigiyen. Med. In- ta ,  V O ~ .  75, pp. 51-56, 1963a. 

Trudy Leningradskogo Sanitarno- 
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115. --- Pathomorphological Changes in the Spinal Cord of Rabbits During 
Local Vibration (Patomorfologicheskiye izmeneniya v spinnom mozgu 
krolikov pri lokal'noy vibratsii). Trudy Leningrad. Sanitarno-gigiyen. 
In-ta, Vol. 75, pp. 20-24, 196313. 

116. Karchmazh, S. A. Effect of General Vertical Vibration on Conditioned 
Reflex Activity and Gaseous Interchange in Animals (0 deystvii 
obshchey vertikalfnoy vibratsii na uslovno-reflektornuyu deyatellnost' 
i gazoobmen zhivotnykh). 
All-Union Congress of Hygienists, Epidemiologists, Microbiologists and 
Infectionists (Tezisy dokladov XI11 Vsesoyuznogo s"yezda gigiyenistov, 
epidemiologov, mikrobiologov i infektsionistov). 

Summaries of Reports of the Thirteenth 

Leningrad, pp. 
214-215, 1956. 

117. --- Influence of General Vibration on the Level of Oxygen Consumption 
and the Conditioned Reflex Activity of Animals (Vliyaniye obshchey 
vibratsii na uroven' potrebleniya kisloroda i uslovnoreflektornuyu 
deyatel nost zhivotnykh) . 
tion. Leningrad, 1962. 

Author s Summary of Candidate ' s Disserta- 

118. Kevleshvili, G. Ye., Mudzhiri, M. N. and Akirtava, Yu. N. Changes of 
the Volume of Circulating Blood During Combined Experimental Injury 
of the Body (Izmeneniya ob"yema tsirkuliruyushchey krovi pri 
kombinirovannom porazhenii organizma v eksperimente). 
Nauchno-issledovatel 'skogo instituta perelivaniya krovi imeni 
akademika G. M. Mukhadze. Tiflis, Vol. 6, p. 409, 1959. 

Sbornik trudov 

llg. Kislyakov, V. A. Influence of Rotation on the Conditioned Alimentary 
Reflexes in Dogs (Vliyaniye vrashcheniya na mlovnyye pishchevyye 
refleksy u sobak) .  Trudy Instituta Fiziologii imeni Pavlova, Vol. 5, 
PP. 156-1587 1956 

120. --- Conditioned Reflexes to Motor Reactions Arising During Rotation of 
an Animal (Ob uslovnykh refleksakh na dvigatel'nyye reaktsii, 
voznikayuslichiye pri vrashchenii zhivotnogo). 
tion. Moscow, 1958. 

Canfiidate's Disserta- 

121. Kitayev, 0. N., Knznetsova, I. N. and Pomerantseva, M. D. Effectiveness 
of Single and Fractional Exposure to Ionizing Radiations on the Gonads 
of Mice and Rats (Effektivnost' odnokratnykh i drobnykh vozdeystviy 
ioniziruyushchikh izlucheniy na gonady inysshey i krys). IN: The 
Effect of Ionizing Radiations on the Body (Deystviye ioniziruyushchikh 
izlucheniy na organizm). Izdatel'stvo AN SSSR, Moscow, pp. 67-91, 
1962. 

122. Klimovitskiy, V. Ya. Pulse-Type Heat Exchange Sensors for Blood Fiow and 
Associated Recording Apparatus (Zpul snyye teploobmennyye datchiki 
krovotoka. i registriruyushchaya apparatura k nim). 
at the Third All-Union Conference on Medical Radioelectronics. Kazan', 
pp. 13-14, 1964a. 

Summaries of Reports 
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123. --- Effec t  of Radial  Accelerations on Venous Outflow i n  the Cerebral 
Vessels of Rabbits (Deystviye rad ia l 'nykh uskoreniy na venoznyy o t tok  
v sosudakh golovnogo mozga krolikov) . 
t i ons  and Dynamic Factors on the Functions of t he  Cent ra l  Nervous 
System (Vliyaniye ioniziruyushchikh iz lucheniy  i dinamicheskikh fak- 
torov na f u n k t s i i  t s e n t r a l  fnoy nervnoy sistemy) . 

IN:  Influence of Ionizing Radia- 

I z d a t e l  ' s t vo  "Nauka", 
PP. 33-47, 1964b. 

124. Klosovskiy, B. N. Blood Ci rcu la t ion  i n  the Brain (Ts i rkulya ts iya  krovi  
v mozgu). Moscow, 1951. 

125. Kovalenko, Ye. A. Pathogenesis of Functional Impairments During Pro- 
longed Compression of Tissues and the  Ef fec t  of Penet ra t ing  Radiation, 
and Treatment After Prolonged Compression of Tissues (0 patogeneze 
funktsional 'nykh narusheniy p r i  d l i t e l ' nom sdav len i i  tkaney i d e y s t v i i  
pronikayushchey r a d i a t s i i  i o l e c h e n i i  posle d l i t e l ' n o g o  sdavleniya 
tkaney).  Author's Summary of Candidate's D i s se r t a t ion .  Leningrad, 
1958. 

126. Kovalenko, Ye. A . ,  Popkov, V .  A. and Chernyakov, I. N.  Cerebral  Hypoxia 
During Overloads i n  the  Head - Pe lv i s  Di rec t ion  '(0 g i p o k s i i  mozga p r i  
peregruzkakh v napravlen i i  golova - t a z ) .  
SSSR, V o l .  49, N D .  6, pp. 719-725, 1963. 

F iz io logicheskiy  Zhurnal 

127. - - -Biopsy Study of Oxygen S t r e s s  i n  Brain Tissues During Prolonged Ac- 
ce l e ra t ions  (Prizhiznennoye izucheniye napryazheniya k is loroda  v 
tkanyakh golovnogo mozga p r i  d l i t e l  nykh uskoreniyakh) . 
Eksperim. B io log i i  i Meditsiny, Vol. 55, NO. 1, pp. 43-48, 1963. 

B y u l l  . 

128. Kovalevich, I .  A. Change of Some Phys io logica l  Functions During Mining 
Work (Izmeneniye nekotorykh f iz io logicheskikh  f u n k t s i y  p r i  gornorud- 
nykh rabotakh).  Gigiyena Truda i Profzabolevaniy, NO.  5 ,  pp. 26-30, 
1960. 

129. Kogan, A. B. On Electrophysiological Ind ices  of Exc i t a t ion  and Inh ib i -  
t i o n  i n  the  Brain Cortex (Ob elektrofiziologicheskikh pokazatelyakh 
vozbuzhdeniya i tormozheniya v kore golovnogo mozga) . 
cheskiy Zhurnal SSSR, Vol. 44, NO.  9, pp. 810-819, 1958. 

F iz io log i -  

130. Kozlova, N. V. Influence of Penet ra t ing  Radiat ion on Post-Traumatic 
Regeneration of S k e l e t a l  Muscles and the Epidermis (Vliyaniye proni- 
kayushchey r a d i a t s i i  na posttravmaticheskuyu regenera ts iyu  skeletnoy 

' myshtsy i epidermisa).  Med. Radiologiya, Vol. 5, No.  5, pp. 7l-75, 
1960. 

131. Koznova, L .  B. Influence of I r r a d i a t i o n  Dose I n t e n s i t y  on Bio logica l  
Ef fec t  (Vliyaniye moschnosti dozy oblucheniya na b io logicheskiy  
e f f e k t ) .  Med. Radiologiya, Vol. 4, NO.  5, pp. 48-52, 1959. 

132. Koznova, L .  B.,  Klazunov, P. Ya. and Vitushkin, N.  I. Dose Dependence 
of Death of Mice "Under Rays" When Using Di f f e ren t  Radiat ion Dose 
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Intensities (Dozovaya zavisimost' gibeli myshey "pod luchami" pri 
ispol'zovanii razlichnykh moschnostey doz izlucheniya). IN: Collec- 
tion of Abstracts on Medical Radiology (Sbornik referatov PO meditsin- 
skoy radiologii). Medgiz, Moscow, V o l .  5, pp. 16-18, 1962. 

133. Koznova, L. B. and Khrushchev, V. G. Some Data on Radiation Exposures 
in Large Dose Intensities (Nekotoryye dannyye o luchevykh vozdeyst- 
viyakh s bo1 shoy moshchnost ' yu dozy) . 
No. 10, pp. 61-67, 1960. 

Med. Radiologiya, Vol. 5, 

134. Komarov, Ye. I. Reflexes from Receptors of Internal Organs to Blood 
Pressure and Respiration During Exposure to Ionizing Radiation (Re- 
fleksy s retseptorov vnutrennikh organov na krovyanoye davleniye i 
dykhaniye pri vozdeystvii ioniziruyushchey radiatsii). IN: Problems 
of Radiobiology (Voprosy radiobiologii) . Leningrad, Vol. 2, pp. 
83-101, 1957. 

135. Kornil'yev, V. P. and Korolevskiy, A. P. Apparatus with Photoelectronic 
Automatic Device for Investigation of Conditioned Reflex Activity 
of Small Animals (Ustanovka s fotoelektronnym avtomaticheskim US- 
troystvom dlya issledovaniya uslovnoreflektornoy deyatel'nosti melkikh 
zhivotnykh). Byull. Eksperim. Biologii i Meditsiny, Vol. 53, No. 7, 
pp. 113-116, 1963. 

136. Kotlyarevskiy, L. I., Gorsheleva, L. S. and Khozak, L. Ye. Influence 
of X-Rays on Higher Nervous Activity of White Rats (Vliyaniye luchey 
rentgena na vysshuyu nervnuyu deyatel'nost' belykh krys). Med. 
Radiologiya, V o l .  1, No. 3, pp. 11-20, 1956. 

137. --- Influence of Ionizing Radiation on Animals with Different Types of 
Nervous System Under Physiological and Pathological Conditions (K 
voprosu o vliyanii ioniziruyushchego izlucheniya na zhivotnykh raznogo 
tipa nervnoy sistemy pri fiziologicheskikh i patologicheskikh uslo- 
viyakh). Transactions of the All-Union Scientific-Technical Confer- 
ence on Use of Radioactive and Stable Isotopes and Radiations in the 
National Economy and Science (Trudy Vsesoyuznoy nauchno-tekhnicheskoy 
konferentsii PO primeneniyu radioaktivnykh i stabillnykh izlucheniy 
v narodnom khozyaystve i nauke). Izdatel'stvo AN SSSR, Moscow, pp. 
172-196, 1958a. 

138. --- Importance of the Type of Nervous System of Animals in Successive 
Development of Changes of Higher Nervous Activity Caused by Penetra- 
ting Radiation (Znacheniye tipa nervnoy sistemy zhivotnykh v postupa- 
tel'nom razvitii izmeneniy vysshey nervnoy deyatel'nosti, vyzvannykh 
pronikayushchey radiatsiyev). Trudy Instituta Vysshey Nervnoy Deya- 
tel'nosti, Vol. 4, pp. 90-94, 1958b. 

139. Kotlovskaya, A. R., Lobashkov, S. I., Simpura, S. F., Suvorov, P. I. and 
Khlebnikov, G. F. Influence of Prolonged Transverse Accelerations on 
the Human Body (Vliyaniye dlitel'nykh poperechnykh uskoreniy na 

260 
d 



organizm cheloveka). IN: Problems of Space Biology (Problemy 
kosmicheskoy biologii) . Izdatel'stvo AN SSSR, Vol. 11, pp. 238-246, 
1962. 

140. Kruk, I. N. Influence of Operative Trauma on the Course and Outcome of 
Radiation Sickness (0 vliyanii operativnoy travmy na techeniye i iskhod 
luchevoy bolezni). IN: Effect of Ionizing Radiations on the Animal 
Body (Deystviye ioniziruyushchikh izlucheniy na zhivotnyy organizm). 
Medizdat TJkSSR, Kiev, pp. 454-438, 1960. 

141. Kuznetsova, M. A. Influence of Fractional Dose Administration on the 
Unconditioned Reflex Activity of the Spinal Cord of Rabbits During 
General X-Ray Irradiation (Vliyaniye fraktsionirovaniya dozy na 
bezuslovnoreflektornuyu deyatelfnost' spinnogo mozga krolikov pri 
obshchem rentgenovskom obluchenii). Radiobiologiya, Vol. 1, No. 1, 
pp. 58-64, 1961. 

142. --- Influence of General Vertical Vibration on the Functional State of 
the Spinal Reflex Arc (Vliyaniye obshchey vertikal'noy vibratsii na 
funktsional noye sostoyaniye dugi spinnomozgovogo refleksa) . IN: 
Influenee of Ionizing Radiations and Dynamic Factors on the Functions 
of the Central Nervous System (Vliyaniye ioniziruyushchikh izlucheniy 
i dinamicheskikh faktorov na funktsii tsentral'noy nervnay sistemy). 
Izdatel stvo "Nauka", pp. 113-122, 1964a. 

143. --- Complex Effect of Vibration and Ionizing Radiation on the Func- 
tional State of the Spinal Reflex Arc (Kompleksnoye deystviye vibratsii 
i ioniziruyushchego izlucheniya na funktsional'noye sostoyaniye dugi 
spinnomozgovogo refleksa). IN: Influence of Ionizing Radiations and 
Dynamic Factors on the Functions of the Central Nervous System (Vliya- 
niye ioniziruyushchikh izlucheniy i dinamicheskikh faktorov na 
funktsii tsentral'noy nervnoy sistemy). 
122-128, 196413. 

Izdatelfstvo "Nauka", pp. 

144. Kulikovskiy, G. G. Influence of Aircraft Vibrations on the Airman's 
Body (Vliyaniye vibratsiy samoleta na organizm letchika). IN: Prin- 
ciples of Aviation Medicine (Osnovy aviatsionnoy meditsiny). Medgiz, 
Moscow-Leningrad, pp. 119-128, 1939. 

143. Kurashvili, A. Ye. Vestibular Reaction During the Cumulative Effect of 
Small Values of Centripetal Accelerations (0 vestibulyarnoy reaktiv- 
nosti pri kumulyativnom deystvii malykh velichin tsentrostremitel'nykh 
uskoreniy) . Vestnik Otorinolaringologii, No. 1, pp. 49-55, 1962. 

146. Kurtsin, I. T. Impairment of Corticovisceral Interrelations During Acute 
Radiation Sickness (Narusheniye kortiko-vistseralfnykh vzaimootnosheniy 
pri ostroy luchevoy bolezni). Transactions of the Scientific-Technical 
Conference on Use of Radioactive and Stable Isotopes and Radiations 
in the National Economy and Science (Trudy nauchno-tekhnicheskoy kon- 
ferentsii PO primeneniyu radioaktivnykh i stabil'nykh izotopov i 
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i 

izlucheniyy v narodnom khozyaystve i nauke). 
Moscow, pp. 211-221, 1958. 

Izdatel'stvo AN SSSR, 

147. Kurshakov, N. A. The Problem of Diagnosis and Treatment of Radiation 
Sickness (K voprosu o klinike i lechenii luchevoy bolezni). IN: 
Biological Effect of Radiations and Diagnosis of Radiation Sickness 
(Biologicheskoye deystviye izlucheniy i klinika luchevoy bolezni). 
Medgiz, Moscow, pg. 137-153, 1954. 

148. Kyandaryan, K. A., Movsesyan, M. A., Muradyan, G. T. and Mazmanyan, S. A. 
Diagnosis of Chronic Radiation Sickness (Diagnostika khronicheskoy 
luchevoy bolezni). Trudy Sektora Radiobiologii AN Armyanskoy SSR, 
Vol. 1, pp. 37-40, 1960. 

149. Lebedeva, A. V. and Chic Chung-hsiang. Experimental Investigations of 
General Vibration on the Body (Eksperimental'nyye issledovaniya 
obshchey vibratsii na organizm). 
All-Union Conference on Overcoming Vibration (Tezisy dokladov 1-oy 
Vsesoyuznoy konferentsii PO bor'be s vibratsiyey). 
Institute of Work Hygiene and Professional Diseases and the Leningrad 
Sanitary-Hygiene Medical Institute (Nauchno-issledovatel'skiy institut 
gigiyeny truda i profzabolevaniy i Leningradskiy sanitarno- 
gigiyenicheskiy meditsinskiy institut) . 

Summaries of Reports at the First 

Scientific Research 

Leningrad , p. 15, 1958. 
150. Lebedinskiy, A. V. Reaction of the Cardiovascular System to Exposure to 

Ionizing Radiation (Reaktsiya serdechno-sosudistoy sistemy na vozdey- 
stviya ioniziruyushchey radiatsii) . Med. Radiologiya, Vol. 1 , No. 2, 
PP. 3-10, 19%- 

151. Lebedinskiy, A. V. and Grigor'yev, Yu. G. Description of Development of 
Compensatory Reactions of the Body During Exposure to Ionizing Radia- 
tion (K kharakteristike razvitiya kompensatornykh reaktsiy organizm 
pri vozdeystvii ioniziruyushchey radiatsii), Vol. 6, No. 3, pp. 189- 
201, 1961. 

152. Lebedinskiy, A. V. and Moskalev, Yu. I. Some Problems in Modern Radio- 
biology (0 nekotorykh problemakh sovremennoy radiobologii). 
Sovremennoy Biologii, Vol. 49, pp. 320-337, 1960. 

Uspekhi 

153. Lebedinskiy, A. V. and Nakhil'nitskaya, Z. N. Influence of Ionizing 
Radiations on the Nervous System (Vliyaniye ioniziruyushchikh izlu- 
cheniy na nervnuyu sistemu). Atomizdat, Moscow, 1960. 

154. Livanov, M. N. Some Problems of the Effect of Ionizing Radiation on the 
Nervous System (Nekotoryye problemy deystviya ioniziruyushchey 
radiatsii na nervnuyu sistemu). Medgiz, Moscow, 1962. 

155. Livshits, N. N. Conditioned Reflex Activity of Dogs During Chronic Expo- 
sure to Ionizing Radiations on the Head (Uslovnoreflektornaya deyatel l -  

nost' sobak pri khronicheskikh vozdeystviyakh ioniziruyushchimi 
izlucheniyami na golovu). Biofizika, Vol. 1, No. 3., pp. 221-231, 1956. 
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156. --- Influence of Ionizing Radiations on Functions of the  Central  Nervous 
System (Vliyaniye ioniziruyushchikh iz lucheniy na f u n k t s i i  t s en t r a l ' noy  
nervnoy s is temy).  I z d a t e l ' s t v o  AN SSSR, MOSCOW, 1961. 

157. --- Combined Effect  of Ionizing Radiations and Other Factors  (0 kombi- 
nirovannom deys tv i i  i on iz i rupshch ikh  iz lucheniy i drugikh faktorov) .  
I N :  Influence of Ionizing Radiations and Dynamic Fac tors  on Functions 
of the Central  Nervous System (Vliyaniye ionizi.myushchikh iz lucheniy 
i dinamicheskikh faktorov na f u n k t s i i  t s en t r a l ' noy  nervnoy s is temy).  
I z d a t e l ' s t v o  "Nauka", MOSCOW, pp. 5-33, 1964. 

L ivsh i t s ,  N.  N .  and Korolevskiy, A. P. 158. Charac te r i s t i c s  of the  Ef fec t  of 
Di f fe ren t  Types of Radiation on Higher Nervous Ac t iv i ty  (Ob osoben- 
nostyakh deystviya raznykh vidov izluche.niy na vysshuyu nervnuyu 
deya te l ' nos t ' ) .  I n  press .  

159. L ivsh i t s ,  N.  N .  and Meyzerov, Ye. S. Influence of Chronic I r r a d i a t i o n s  

of the  Head with Co60 on the Higher Nervous Act iv i ty  of Dogs (Vliyaniye 

khronicheskikh oblucheniy golovy Co60 na vysshuyu nervnuyu deyate l  nost  
sobak).  Radiobiologiya, Vol. 3, NO. 3, pp. 224-229, 1963. 

160. Livshi t s ,  N.  N . ,  Meyzerov, Y e .  S. ,  Apanasenko, Z.  I . ,  Korolevskiy, A. P. 
and Kuznetsova, M A. Dependence of t he  Reaction of the  Central  
Nervous System t o  I r r a d i a t i o n  on Dose I n t e n s i t y  and Linear Ioniza t ion  
Density (Zavisimost'  r e a k t s i i  t s e n t r a l ' n o y  nervnoy sistemy na oblu- 
cheniye o t  moshchnosti dozy i lineynoy p l o t n o s t i  i o n i z a t s i i ) .  Sum- 
maries of Reports of the  Eighth All-Union Congress of Roentgenologists 
and Radiologis ts  (Tezisy dokladov vos'mogo Vsesoyuznogo s"yezda r en t -  
genologov i radiologov).  MOSCOW, p.  244, 1964. 

161. L ivsh i t s ,  N.  N . ,  Meyzerov, Ye. S . ,  Apanasenko, Z.  I. and Kuznetsova, M. A. 
Some Data on the  Role of the  Time Factor  i n  Radiat ion Reactions of the 
Central  Nervous System (Nekotoryye dannyye o r o l i  f ak to ra  vremeni v 
luchevykh reaktsiyakh t s en t r a l ' noy  nervnoy s is temy).  I N :  Problems of 
Space Biology (Problemy kosmicheskoy b i o l o g i i ) .  I z d a t e l ' s t v o  AN SSSR, 
MOSCOW, Vol. 2, pp. 303-313, 1962. 

162. Lomonos, P. I .  Change of Conditioned Defense R<?flexes i n  Dogs During 
Radiation Sickness (Izmeneniye uslovnykh oboronitel 'nykh re f leksov  u 
sobak p r i  luchevoy bolezni ) .  IN:  Yearbook of t he  I n s t i t u t e  of Experi- 
mental Medicine Academy of Medical Sciences USSR (Yezhegodnik I n s t i t u t a  
eksperimental 'noy meditsiny AMN SSSR) . Leningrad, pp. 579-587, 1957. 

163. Lopatko, I. A. Influence of X-Rays on the  Ear (Vliyaniye rentgenovskikh 
luchey na organ s lukha) .  Doctoral Disser ta t ion .  Leningrad, 1939. 

164. Luk'yanova, L .  D. E f fec t  of Vibrat ion and I r r a d i a t i o n  on Oxidation Proc- 
esses  i n  Cerebral  Tissues  (Deystviye v i b r a t s i i  i oblucheniya na okis -  
l i t e l ' n y y e  pro tsessy  v tkanyakh golovnogo mozga). I N :  Aviation and 



Space Medicine (Aviatsionnaya i kosmicheskaya meditsina). Moscow, pp. 
346-348, 1963. 

165. --- Influence of Vibration on the Nervous System (Vliyaniye vibratsii 
na nervnuyu sistemu). IN: Influence of Ionizing Radiations and Dynamic 
Factors on the Functions of the Central Nervous System (Vliyaniye 
ioniziruyushchikh izlucheniy i dinamicheskikh faktorov na funktsii 
tsentral'noy nervnoy sistemy). 
76, 1964a. 

Izdatel'stvo "Nauka", Moscow, pp. 60- 

166. --- Influence of General Multiple Vibration on Oxygen Stress in the 
Brain of Rats (Vliyaniye obshchey mnogokratnoy vibratsii na naprya- 
zheniye kisloroda v golovnom mozge krys). IN: Influence of Ionizing 
Radiations and Dynamic Factors on the Functions of the Central Nervous 
System (Vliyaniye ioniziruyushchikh izlucheniy i dinamicheskikh fak- 
torov na funktsii tsentral'noy nervnoy sistemy). MOSCOW, pp. 128-144, 
1964b. 

1-67, - -- Complex Effect of General Vertical Vibration and Irradiation on 
Oxidation Processes in the Brain of Rats (Kompleksnoye deystviye 
obshchey vertikal 'noy vibratsii i oblucheniya na okislitel 'nyye pro- 
tsessy v golovnom mozge krys). IN: Influence of Ionizing Radiations 
and Dynamic Factors on Functions of the Central Nervous System 
(Vliyaniye ioniziruyushchikh izlucheniy i dinamicheskikh faktorov na 
funktsii tsentral'noy nervnoy sistemy). 
pp. 145-161, 1964~. 

Izdatel'stvo "Nauka", Moscow, 

168. Lysina, G. G. Some Early Manifestations of Exposure to Small Doses of 
Ionizing Radiation (Nekotoryye ranniye proyavleniya vozdeystviya 
malykh doz ioniziruyushchey radiatsii). Vrachebnoye Delo, No. 4, pp. 
381-384, 1958. 

169. Luchnik, N. V. Influence of Fractional Administration and Dose Inten- 
sity on the Cytological Effect of Irradiation (0 vliyanii fraktsioni- 
rovaniya i.moshchnosti dozy na tsitologicheskiy effekt oblucheniya). 
Biofizika, Vol. 1, No. 7, pp. 633-636, 1956. 

1-70. Lyubimova-Gerasimova, R. M. Regulation of Cerebral Blood Circulation 
Dusing Exposure of the Animal Body to Ionizing Radiation (Regulyatsiya 
krovoobrashcheniya golovnogo mozga pri vozdeystvii na organizm 
ioniziruyushchey radiatsii). Radiobiologiya, Vol. 2, No. 1, pp. 82-86, 
1962. 

171. Magnus, R. Body Pose (Ustanovka tela). Izd-vo AN SSSR, Moscow, 1962. 

172. Madorskiy, V. A. Neurological Changes During Vibration Sickness Among 
Shapers at Prefabricated Reinforced Concrete Plants (Nevrologicheskiye 
izmeneniya pri vibratsionnoy bolezni u formovskchikov zavodov sbornogo 
zhelezobetona). 
Krasnodar, 1963. 

Author's Summary of Candidate's Dissertation, 
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173. Markaryan, S.  S. Vest ibular  Reactions During Angular Accelerations 
of Di f fe ren t  Magnitude (Vestibulyarnyye r e a k t s i i  p r i  deys tv i i  
razlichnykh ve l i ch in  uglovykh uskoreniy).  I N :  Aviation and Space 
Medicine (Aviatsionnaya i kosmicheskaya medits ina) .  MOSCOW, pp. 357- 
360, 1963. 

174. Markelov, B .  A. Influence of a Physical  Load on the  Course of In ju ry  of 
Rats by Strontium 90 (Vliyaniye f iz icheskoy nagruzki na techeniye 
porazheniya krys  strontsiyem-90).  I N :  Influence of Radioactive 
S t ruc ture  on the AnimalBody (Vliyaniye radioaktivnogo s t royeniya na 
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